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ABSTRACT 


This report presents an evaluation of tlie Saturn S-IVIi-508 
stage aceepLance firing that was comiueteil at the 
Sacramento Test Center on 20 February 1969- Jncluded in 
this report are stage and ground support equipment devia- 
tions associated with the acceptance firing configuration. 

The acceptance firing test program was conducted under 
National Aeronautics and Space Administration Contract 
NAS 7-101, and established the acceptance criteria for 
buy off of the stage. 
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PREFACE 


This report documents the evaluation of the Saturn 
S-IVB-508 stage acceptance firing as performed by MDAC-VJD 
personnel at the Sacramento Test Center. 

The report was prepared under National Aeronautics and 
^ Space Administration Contract NAS7-10] and is issued in 
accordance with line item 129 of the MSFC Data Require- 
ments List 021, dated 15 September 1966, 

This report evaluates stage test objectives, instrumenta- 
tion, and configuration deviations of the stage, test 
facility, and ground support equipment. 
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SECTION 1 


INTRODUCTION 


1. i_N'n<oijuc;Trj)N 

1 . 1 General 

This report was prepared at the McDonnell Douglas Astronautics Company - 
Western Division (MDAC-WD) Huntington Beach (KB) , by the Saturn S-IVB. 

Test Planning and Evaluation (TP&E) Committee for the National Aeronautics 
and Space Administration under Contract NAS7-101. > . ■ 

Activities connected with the Saturn S-IVB-508 stage included a prefiring ■ 
checkout and the acceptance firing. Checkout started at the subsystem 
level and progressed to completion with the integrated systems test and 
the simulated acceptance firing. The information contained in the follow- 
ing sections documents and evaluates all events and test results of the 
acceptance firing which was completed on 20 February 1969. The tests 
were performed at Complex Beta, Test Stand III, Sacramento Test Center 
(STC) . 

1. 2 Background 

The S-IVB-308 stage was assembled at MDAC-WD/HB. A checkout was performed 
in the vertical checkout laboratory (VCL) prior to shipping the stage to 
STC. The stage was delivered to STC on 31 December 1968 and installed on 
Test Stand III on 3 January 1969, The stage was ready for acceptance 
firing on 17 February 1969. 

The APS modules were shipped to Santa Monica checkout laboratory for 
production acceptance tests. The modules were then shipped to STC for 
stage interface checks. No confidence firings of those modules were 
scheduled . 

Table 1-1 lists the milestones of the Saturn S-IVB-508 stage events and 
dates of completion. 

1.3 Objectives 

All test objectives outlined in drawing No. 1B71775D, T est Flan Acceptance 
Firing, S-IVB/SV-STC , dated 27 January 1969 were successfully completed . 
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Stage acceptance objectives which provide maximum system performance 
evaluation were as follows: 

a. Countdown control and operational capability verification 

b. J-2 engine system performance verification 

c. Oxidizer system performance verification 

d. Fuel system performance verification 

e. Pneumatic control system performance verification 

f. Propellant utilization system performance verification 

g. Stage data acquisition system performance verification 

h. Stage electrical control and power system performance 
verification 

i. Hydraulic system performance and J-2 engine gimbal control 
performance verification 

j. Structural integrity verification 

k. Auxiliary propulsion system stage Interface compatibility 
verification 

l. Ambient repressurization system performance verification 

m. performance verification. 



TABLE 1-1 

MILESTONES, SATURN S-IVB-508 STAGE 


Event 

Completion 

Date 

Tank assembly 

8 August 

1967 

Proof test leak and dye 

23 August 

1967 

Insulation and bonding 

2C Sept. 

1967 

Stage checkout and join J-2 engine 

2 Feb. 

1968 

Systems checkout 

20 May 

1968 

Ship to STC 

30 Dec. 

1968 

Stage installed on test stand 

3 Jan. 

1969 

Ready for acceptance firing 

17 Feb. 

1969 

Acceptance firing 

20 Feb. 

1969 

Abbreviated postfire checkout on stand 

25 March 

1969 



SECTION 2 


SUMMARY 


2 . 


SUI-iMARY 


The S-IVB-508 stage was acceptance fired on 20 February 1969 
at Complex Beta, Test Stand III, Sacramento Test Center. The 
countdown was designated as CD 614116, The mains tage firing 
duration was 456.3 dec; engine cutoff was initiated by the LH2 
depletion sensors. 

2.1 CountdoTO Operations 

Countdown 614116 was initiated on 18 February 1969 and proceeded to a 
successful acceptance firing on 20 February 1969. The acceptance firing 
was preceded by a simulated orbital coast, cold helium ]eak check, 
burner firing, and an ambient repressurization test. 

2.2 J-2 Engine System 

The S-IVB-508 stage utilized an uprated (-230,000 Ibf thrust) J-2 engine, 
(S/N J-2122) . All systems operated satisfactorily and the performance 
predictions were well within the allowable deviations. All hardware 
functioned normally. 

2.3 Oxidizer System 

The oxidizer system functioned adequately supplying LOX to the engine 
pump inlet within the specified limits. The net positive suction 
pressure (NPSP) available to the LOX pump inlet exceeded the engine 
manufacturer’s minimum requirement at all times. 

2.4 Fuel System 

The fuel system performed as designed and supplied LH2 to the engine 
x^ithin the limits defined in the engine specification. The LH2 tank 
pressurization system adequately controlled Lli2 tank ullage pressure 
throughout the firing and during the repressurization periods. 

2.5 Pneumatic Control and Purge System 

The pneumatic control and purge system performed adequately during the 
acceptance firing. All components functioned normally. 
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2.6 Oxygen-Hydrogen Burner System 


The performed satisfactorily during the 460 sec of opera- 

tion. The LOX tank was repressurized 178 sec after burner start, and 
the LH2 tank repressurization was terminated approximately 3.9 sec later. 

2. 7 Propellant Utilization System 

The PU system generally performed satisfactorily. However, a minor 
anomaly occurred when the closed- loop valve response exhibited anomalous 
activity because of a sticky PU valve. The valve was replaced. 

2.8 Data Acquisition System 

The data acquisition system performed satisfactorily throughout the 
O^-H^ burner and mainstage firing . Two hundred and twenty-nine measure- 
ments were active of which three failed resulting in a measurement 
efficiency of 98.7 percent, 

2.9 Electrical Power and Control Systems 

The electrical power and control systems performed satisfactorily 
throughout the acceptance' firing . All firing objectives were satisfied 
and all systems variables operated within design limits. 

2 , 10, Hydraulic System 

The hydraulic system operated properly supplying pressurized fluid to the 
servo-actuators. All specified test objectives were achieved with one 
exception. The auxiliary hydraulic pump canister pressure regulator 
allowed the canister pressure to exceed the limits of 15 +5 psig. This 
is being corrected. 

2.11 Flight Control System 

The dynamic response of the hydraulic servo-thrust vector control system 
was measured while the J-2 engine was gimbaled during the acceptance 
firing. The performance of the pitch and yaw hydraulic servo control 
systems was satisfactory. 



2,12 Structural Systems 


Structural integrity of the stage was maintained for the vibration, 
temperature, and thrust load conditions of the acceptance firing with 
the exception of cracking and peeling of Korotherm ablative coating on 
certain areas of the forward skirt. The damaged coating is to be 
repaired under direction of Materials & Methods /Research and Engineering. 

2.13 Thermoconditioning and Purge System 

The thermoconditioning and purge system functioned properly supplying 
purge and environmental conditioning to the stage within design limits. 

2.14 Effectiveness Engineering 

All malfunctions of Flight Critical Items were investigated and 


documented as follows; 

Total number of malfunctions 5 

Ntmiber of items reworked in place and 1 

accepted by engineering 

Number of items replaced 3 

Number of items determined to be 1 

acceptable by engineering 
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SECTION 3 


TEST CONFIGURATION 


3. 


TEST CONFIGURATION 


This section describes the stage and ground support equipment (GSE) 
deviations and modifications from the flight configuration affecting 
the acceptance firing. Additional details of specific system modifica- 
tions are discussed in appropriate sections of this report. Details of 
the S-IVB-508 stage configurations are presented in drawing No. 1B66684, 
S— IVB/V Stage End-Item Test Plan. 

Figure 3-1 is a schematic of the S-IVB-508 stage propulsion system and 
shows the telemetry instrumentation transducer locations from which the . 
test data were obtained. The propulsion system orifice characteristics 
and pressure switch settings are presented in tables 3-1 and 3-2. J-2 

engine S/N J-2122 was installed. 

The propulsion GSE consisted of pneumatic consoles "A" and "B," two 
propellant fill and replenishing control sleds, a vacuum system console, 
and a gas heat exchanger. 

3.1 Configuration Deviations 

Configuration deviations required for the acceptance firing are discussed 
in drawing 1B71775D, Test Plan, Acceptance Firing, S-IVB/SV-STC. Signi- 
ficant configuration changes to the stage and GSE for the acceptance 
firing are discussed in the following paragraphs. 

3.1.1 Propulsion Sys tern 

a. Stage propellant vent and bleed systems were connected to the 
facility vent system. The nozzles were removed from the LH2 
tank continuous vent system and the LOX and LH2 nonp repulsive 
vent systems. 

b. The stage portions of the propellant and pneumatic quick- 
dls connects were replaced with hardlines. 

c. A converging water-cooled diffuser was installed in the engine 
thrust chamber exit to reduce the possibility of sideloads 
induced by jet stream separation. 
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d. A GN2 ejector system was used to provide low pressure environ- 
ment at the nozzle exit. 

e. A heated GN2 purge was used for the LOX dome to prevent 
injector icing during the simulated orbital coast- 

3.1.2 Propellant Utilization System 

The propellant loading fast-fill sensors installed on the instrumentation 

probes were used in the indicating mode only. 

3.1.3 Electrical Power System 

a. Model DSV— 4B— 170 battery simulators were used to supply stage 
internal power. 

b. Model DSV-4B-727 primary battery simulators were used in place 
of primary flight batteries. 

3.1.4 Electrical Control System 

a. The instrument unit and S-IVB/V stage electrical interfaces 
were simulated by GSE . 

b. Tti/o Model DSV-4B-188B APS simulators were used to provide APS 
module electrical loads to the stage control signals. 

c. The electrical umbilicals remained connected throughout the 
acceptance firing. 

3.1.5 Data Acquisition System 

a. The MSFC Basic Static Firing Measurement Program hardwire 
transducers were installed. 

b. All instrumentation parameters without transducers, and those 
disconnected for hardwire usage, were left as open channels- 

3.1.6 Forr^rard Skirt Environmental Control System 

Coolant for the forward skirt thermo conditioning system was supplied by 

Model DSV-4B-359 Servicer. 
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3.1.7 Secure Range Safety Command System 

a. The Engine Cutoff Command output from Range Safety Systems 1 

and 2 v/as disconnected and stowed. ^ 

b. Pulse sensors were attached to the output of the exploding 
bridgewire (EBW) firing units. 

3.1.8 Structural Systems 

a. The main and auxiliary tunnel covers were not installed. 

b. The stage was mounted on the Model DSV-4B-540 Dummy Interstage. 

3.1.9 GSE and Facilities 

a. Resistance wire fire detection system was installed for 
monitoring critical areas of the stage, GSE, and facilities. 

b. GHZ leak detection system was installed for monitoring critical 
areas of the stage, GSE, and facilities. 

c. Blast detectors were installed in the test area for monitoring 
ranges of 0 to 25 psi overpressure. 

d. Model 742 static firing hazardous gas shield, thrust cone water 
spray Firex, cryogenic spill pan, forward skirt support ring, 
and vent port covers were installed. 

e. Model 601 flame resistant protective firing cover was installed 
to enclose the forward skirt area. 

f. An auxiliary propellant tank pressurization system was installed 
using a GSE ambient helium source. 

g. Model DSV-4B-618 Engine Unlatch Restrainer Links were installed' 
to restrain the J-2 engine during start transient sideloads. 


3-3 


TABLE 3-1 

E-IVB-bOO ETAGK ABB GEE ACCEPTANCE FIRING ORIFICEE 


DESCRIPTION 

ORIFICE SIZE OR 
NOMINAL FLOWRATE 

COEFFICIENT 
OF DISCHARGE 

EFFECTIVE 
AREA (in^> 

Stage 




Continuous vent bypass 
valve actuation control 
module inlet 

0.017 in. dia 

— 

N/A 

Continuous vent bypass 
valve bellows purge 

300 scim with 
3,200 psid 

— 

Sintered 

Continuous vent bypass 
valve switch cavity purge 

15 scim with 
3,200 psid 

— 

Sintered 

Continuous vent No. 1 

1.090 in. dia 

— 

n/a 

Continuous vent No. 2 

1.090 in. dia 


N/A 

Continuous vent purge 

1 scfm with 
3,200 psid 


Sintered 

LHg fill and drain valve 
purge 

15 scim with 
3,200 psid 


Sintered 

LOX fill and drain valve 
purge 

15 scim with 
3,200 psid 

— 

Sintered 

LHg chilldown valve purge 

66 scfm with 

1,600 psid 

— 

Sintered 

LOX tank pressurization 
mod^ile, heat exchanger 
primary 

0.2189 in. dia 

0.87 

0.0329 

LOX tank pressurization 
module, heat exchanger 
bypass 

0.1860 in. dia 

0.87 

0.02272 

LH2 tank pressurization — 
step mode (All three ori- 
fices used for acceptance 
firing only) 



0 . 1392 * 


^Discharge coefficient and effective area are calculated for overcontrol and 
step orifices in combination with the undercontrol orifice. 
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Table 3-1 (Continued) 


DESCEIPTION 


LH2 tank pressurization 
module ( Overcontrol- 
second burn) 

LH2 tank pressurization 
module normal ( Under- 
control) 

LH2 tank pressurization 
module control ( Over- 
control-first burn) 

I1H2 tank pressurization 
module outlet 

O2-H2 burner EH2 supply- 
valve purge 

LH2 tank nonpropulsive 
vent purge 

LH2 tank nonpropulsive 
vent Wo. 1 


ORIFICE SIZE OR 
NOMINAL FLOWRATE 


0.2058 in. dia 


0.3283 in, dia 


0.2056 in. dia 


0 . 312 J+ in. dia 


15 scim with 
3,200 psid 

1 scfm with 
3,200 psid 

2.180 in. dia 


COEFFICIENT EFFECTIVE 

OP DISCHARGE AREA (in^) 


0 . 1110 »* 



0.0828 


O.lllO^* 


0.0666 


Sintered 


Sintered 


LH2 tank nonpropulsive 
vent No. 2 


2.180 in. dia 


LOX chilldown pump purge 


LOX sensing line purge 


37 scim with 
psid 

1 scfm with 
3,200 psid 


Sintered 


Sintered 


O2-H2 burner GH2 balance, 
injector No. 1 

O2-H2 burner GH2 balance, 
injector No. 2 


0.510 in. dia 


0.510 in. dia 


O2-H2 burner LH2 tank 
pressurization coil 
outlet 


0.221 in. dia 


0.03375 


*Wot recorded during calibration 

**Dis charge coefficient and effective area are calcvilated for overcontrol and 
step orifices in combination with the undercontrol orifice. 
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Table 3-1 (Continued) 


DESCRIPTION 

ORIFICE SIZE OR 
NOMINAL FLONRATE 

COEFFICIENT 
OF DISCHARGE 

EFFECTIVE 
AREA (in^) 

LOX tank vent and relief 
valve purge 

65 scfm with 

3,200 psid 

— 

Sintered 

-- O2-H2 b^Jrner I1H2 tank 
pressurization coil 
helitun inlet balance 

0.120 in. dia 

0.88 

0.00971 

O2-H2 burner LOX tank 
pressurization coil 
outlet 

0.089 ini dia 

0.:895 

0.00568 

LOX tank ambient repres- 
surization module outlet 

0.116 in. dia 

— 

0.00888 

Engine purge control 
module 

6 scfm 

— 

0.00028 

Console A 




All console A stage 
bleeds 

Variable 

— 

— 

Pressure actuated valve 
and main-stage pressure 
switch supply 

1.2 scfm 

1 

Sintered 

J-box inerting supply 

0.013 in. dia 

— 

— 

LH2 system checkout 
supply 

1.2 scfm 

— 

Sintered 

•LOX system checkout 
supply 

2.0 scfm 

— 

Sintered 

* 

LH2 tank and umbilical 
purge supply 

0.260 in. dia 

0.88 

0.0468 

PressTXre switch checkout- 
Low pressure 

1.2 scfm 

— 

Sintered 

Pressure switch checkout- 
High pressure 

0.0U4 in. dia 

0.91 

0.00139 
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Table 3-1 (Continued) 


. DESCRIPTION 

ORIFICE SIZE OR 
NOMINAL FLOWRATE 

COEPPICIENT 
OF DISCHARGE 

EPldjJCTIVl!! 
AREA (in2) 

LHg tank repressurization 
supply 

Union 

1 

— 

Console GK2 inerting 
supply 

0.013 in. dia 

— 

— 

Console B 




All console B stage 
bleeds 

Variable 

— 

— 

BOX tank repressurization 
supply 

O.llii in. dia 

0,88 

0.00898 

Turbine start sphere 
supply 

Union 


— 

LOX tank prepressxirization 
supply 

0.096 in. dia 

0.94 

0.00680 

Console GW2 inerting 
supply 

Variable 

— 

— 

Engine control helium 
sphere supply 

0.125 in. dia 

0,83 

0.0102 

tank prepressurization 
supply 

0.161 in. dia 

0.83 

0.0169' 

Thrust chamber jacket 
purge and chilldown 
supply 

. 0.072 in. dia 

0.91 

0.00370 

LOX tank and umbilical 
piurge supply 

0.302 in. dia 

0.89 

0.0635 

J-box inerting supply 

0.013 in. dia 

— 

— 

Turbine start sphere 
supply vent 

0.081 in. dia 

0.83 

0.00479 

LOX tank auxiliary 
pressure 

0.2517 in. dia 

0.94 

0.0465 ’ 

LH2 tank auxiliary 
pressTore 

0.385 in. dia 

0.91 

0.1060 
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TABLE 3-2 


S-IVB-50g STAGE PRESSURE SVTITCH nATA 


Name 

Part No, and 

Specification (psia) 

Prefiring (psia) 

Serial No. 

Pickup 

Pro pout 

Beadband 

Pickup^ 

Bropout* 

Beadband* 

LH2 Tank 






\ 


First bum and flight control 

1B52624~511 
S/N 30 

31.5 max 

27.8 rain 

0.5 min 

30.68 

28.59 

2.09 

Second burn, ground fill, and 
prepressurization 

1B52624-5U 
S/N 31 

31.5 max 

27.8 min 

0,5 min 

30.13 

28.35 

1.78 

LOX Tank 

LOX flight control and ground 
fill 

1B52624-515 
S/N 45 

41.0 max 

37.5 min 

0,5 min 

40.42 

38.99 

1.43 

LOX Pressurization System 








Cold helium regulator backup 

1B52624-519 
S/N 48 

467.5 +23.5 

362.5 133.5 

—— 

474^29 

381.37 

— — 

Pneumatic Power System 








Control helium regulator backup 

1B52624-517 
S/N 21 

600 +21 

490 i31 


601.17 , 

494.74 

— — 

Engine pump purge 

1B52623-515 
S/N 20 

136 max 

99 min 

3.0 min 

120.72 

108.29 

12.43 

J-2 Engine System 








Mainstage OK No. 1 

308390 
S/n 255 79A 

515 +36 

Pickup 
minus 75 
+56, -31 


506.10 

447.40 

57.70 

Mainstage OK No. 2 

308390 
S/N 25560k 

515 136 

Pickup 
minus 75 
+56, -31 

• 

516.24 

444.75 

71.48 

02-H2 Burner 








LOX tank repressurization 

1B52624-519 
S/N 47 

467.5 123.5 

362.5 133.5 

— 

475.69 

384.40 

— 

LH2 tank repressurization 

1B52624-519 
S/N 55 

467.5 123.5 

362.5 133.5 

— 

471.70 

375.86 

■ -■ 

— 


* The values listed are the average of three actuations. 
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SECTION 4 


TEST OPERATIONS 


4. TEST OPERATIONS 


The S-IVB -508 stage was the eighth of the basic S-IVB/V series to be 
successfully acceptance tested. The acceptance firing was preceded by an 
02-H2 burner firing and an ambient re pressurization test. T)etails of the , 
countdown and checkout (p recount'^ own) activities are presented in the 
following paragraphs. Significant events .occurred at the following times: 


Event 

02-H2 burner firing initiation 
Simulated liftoff 
Engine start command 
Engine cutoff command 


Time (PST) 
11.18:19.000 

14.13:44.000' 

14.22:15.695 

14.29:55.684 


4.1 Countdown Operations 

The acceptance firing, countdown 6 I 4 II 6 , was a full duration J-2 engine 
firing initiated on 18 February 1969 at 0800 PST. The countdown proceeded 
normally until computer problems caused a 24-hour hold. After the count 
was resvuaed, several iinexpected. events were encountered (see paragraph 4.3) 
(The acceptance firing was satisfactorily completed on 20 February I 969 . 


Except for the deviations necessitated by a single J-2 engine burn, the 
performance of an 02-H2 burner firing, and the ambient repressurization 
test, the countdown confdmed to the sequence intended for use at Kennedy 
Space- Center. Significant events during these operations are listed in 
tables 4-1, 4-2, and 4-3* The propulsion operations were performed in the 
following sequence: 


a. 

b. 


c. 


e. 

f. 

g. 


Propellants were loaded to the 68 percent level. 

LOX and LH2 tank vent relief test was performed. 

The continuous vent valve was functionally tested. 

An 02-H2 burner firing was performed. 

The ambient re pressurization system was functionally tested . 
The LOX and LH2 tanks were reloaded to the 100 percent level. 
The terminal countdown -and J-2 engine firing were perfomed. 
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The tank vent/relief tests were accoraplisheri during the propellant loa<^ing 
test and were not repeated during the acceptance firing countdown. The 
vent and relief valves vented at the following pressures: 


Valve Pressure (psia) 


LOX NPV 

43.1 

43.1 - 

42.9 

LOX vent and relief 


44.1 

44.0 

LH2 NPV 

32.7 

32.6 

32.6 

LH2 latching vent anf^ relief 

32,7 

32.6 

32.6 


The LOX NPV cracked at 43*1 psia, and the tank pressure was not taken 
-up to the 44.0 psia level. 

The firing of the restartable 02-H2 burner was initiated at 11.13:19 PST 
an<^ proceeded normally through burner shutdown. The burner firing was 
460 seconds in duration, as planned. 

4 . 1.1 Cryogenic Loading 

Setups for LOX loading began at 0618 PST on 20 February, and both tanks 
were loaded to the 68 percent level by 0848 PST, The on-stand inspection 
was then accomplished, and the burner and ambient repressurization tests 
were performed. The tanks were then reloaded to the 100.5 percent level. 

4 . 1.2 Terminal Countdown 

The terminal countdown was initiated at 13.53:15 PST (T -20:30 minutes). 
The count proceeded smoothly through J-2 engine cutoff which v;as initiated 
by the LH2 depletion sensor at SLO +972 seconds, Mainstage duration was 

456.3 seconds. 

4.2 Checkout 

After the S-IVB-508 stage was assembled at the Mcnonnell-bouglas Astro- 
Astronautics Company in Huntington Beach, it was subjected to a 
complete stage checkout including an all-systems test, Xt was then 
modified and shipped to the Sacramento Test Center (STC). It arrived at 
STC on 31 ’^ecanber 1968 and was installed in Complex Beta Test Stand III 
on 3 January 1969. The modification program continued concurrently with 
stage checkout. All modifications were completed before the integrated 
systems test which was satisfactorily completed on 7 February. 
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A practice countdov/n was conrJucter) on 12 and 13 February for software 
verification and countdown crew training. The ’’Ready for Acceptance 
Firing" milestone was met on 17 February, 4 days after satisfactory 
completion of the simulated static firing test. The prefiring and 
postfiring checkouts were perfomed in accordance with the established 
handling and checkout procedures. 

4.3 Countdown Problems 


The countdown proceeded quite smoothly except for computer problems which 
caused a 24-hour hold; however, several unexpected events did occur. 

a. Two safety item monitor data amplifiers could not be adjusted 
within tolerance during redl-ine checks. Both were replaced. 

b. The forward interstage backup GN2 panel gage was overpressurized .• 
and damaged. A Heise gage was installed to monitor this function . 
for the remainder of the countdown. 

c. Puring the integrated systems test preparations, a computer check . 
sum error occurred, and test tapes could not be read into the 
computer. A 24— hour hold in the countdown was called for 
troubleshooting. The problem -disappeared and could not be 
isolated. After appropriate preplanning, the countdovm was 
resumed, and the problem did not recur. 

d. The upper low-pressure fuel duct lost its vacuum prior to the 

firing. The post-test examination disclosed that, because of 
a leaking vacuum valve, Hie duct contained nitrogen. It was 
replaced. " , 

The lower low-pressure fuel duct was found to be cracked in %e 
middle bellows, and it was also replaced. 

e. ’during the first critical components cycling of the cold helium 
shutoff valves, the cold helium regulator discharge pressure (P0105)' 
rose normally, then dropped to an abnormally low value (100 to- 125 
psia) for the duration of the cycle. Cold helium sphere pressure ‘ 
was approximately 800 psia. The 1-3 module regulated properly' 
during the firing, but not during the critical components test 
before the firing. The module was replaced after the firing. 

f. Transducer 00577, LOX tank ullage pressure, . failed during the 
countdown and was replaced. 

g. Although transducer C0419, 02-H2 burner chamber dome temperature, 
functioned properly during the burner test, it failed during the 
acceptance firing. • It was replaced postfire. 
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h. The engine shutoff, which was to occur at 1 percent LOX or 

2 percent LH2, was preemptetl- by an LH2 r^epletion sensor cutoff 
which accomplished engine shut'^own and securing through a planned 
alternate program subroutine, 

i. Transducer h0002, fuel pump inlet pressure, failed during the 
engine cutoff transient. It was replaced. 

J. riuring conditioning of the LH2 tank ullage between 18.6 and 20.1 
psia for burner start by cycling the LH2 vent' valve, an unusually 
large number of extraneous LH2 vent valve open talkback (K0542) 
cycles were recorded; approximately 1,050 cycles plus an unknown 
number not recorded due to saturation of buffer. Recording 
of these cycles exhausted the OER paper, and reloading of the ^ER 
delayed the countdovm 8 minutes. 

k. Thrust chamber temperature reached the start box at T +240 seconds. 
The nominal time for this event during recent tests has been near 
T -0 (simulated liftoff). The thrust chamber chilldown rate was 
slower than usual from initiation of chilldown to the end of 
prepressurization; thereafter, the rate was normal. Although this 
phenomenon caused no perturbations to the countdown, it is under 
investigation. 


4.4 Atmospheric Conditions 

The following atmospheric conditions prevailed during the countdown: 


Time (PST) 

\iind speed (knots) 

Wind direction 
Barometric pressure (in. Hg) 
Ambient tonperature (deg F) 
Few point (deg F) 


0855 

1624 

6 

14 to 20 

South 

Southwest 

29.89 

29.78 

47 

49 

45 

41 
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TAbLii; 4-1 


02-H2 BURNER SEQUENCE OF EVENTS 


Me as. 
No. 


-8.557 KO532 



LH2 tank vent valve closed 

Start burner operation ignition sequence 
(11:18:19.626 PST, 02-H2 LH2 propellant valve open) 


1.975 KO427 02-H2 LOX propellant valve open 

2.116 KO452 LH2 tank vent orifice -and relief reset 

2.136 KO699 LH2 tank vent relief overboar<^ valve closed 

K2400 LH2 tank vent orifice bypass valve closed 

KO437 02-H2 burner system relay reset 

K043S 02-H2 voting circuit enabled 

KO443 LH2 tank repressurization valve energised 

KO444 LOX tank repressurization valve energized 

KO444 LOX tank repressurization valve closed 

KO443 LH2 tank repressurization valve closed 

KO6I6 LH2 tank overpressurization pressure switch energized 

KO5I9 LOX chilldown pump/inverter energized 

KO512 LH2 chilldown pmp/inverter energized 

KO576 LH2 and LOX prevalve closed - energized 
KO524 LH2 tank flight pressure valve energized 
KO523 LH2 tank step pressurization valve energized 
KO432 LH2 ‘propellant valve closed 

KO44I LH2 and LOX repressurization system reset 
KO43S 02-H2 voting circuit disabled 

KO452 LH2 tank vent orifice and relief reset off 
KO44O. . LH2 and LOX repressurization mode - ambient 
KO437 02-H2 burner system relay reset 

KO428 02-H2 LOX propellant valve closed 

KO544 LH2 chilldown shutoff valve open 
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Table 4-1 (Continued) 


Time 

(sec) 

Meas. 

No. 

Event 

521.459 

K0541 

LOX pre valve open 

521.686 

K0540 

LH2 pre valve open 

529.389 

K0641 

LH2 chilldown pump relay reset 

529.599 

K0644 

IDX chilldown pump relay reset 

530.871 

K0621 

Hydraulic auxiliary pump flight relay reset 
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TABLE 4-2 


AMBIENT REPRESSURIZATION SEQUENCE 


Time 

(sec) 

Meas. 

No. 

Event 

-110.B86 

KO 543 

LOX tank vent valve closed 

0 

K0444 

Start of ambient re pressurization 

(LOX tank repressurization valve open, 11:29:27.100 PST) 

4.560 

K0699 

LH2 tank vent relief overboar-^ valve closed 

4.646 

K2400 

LH2 tank vent orifice bypass closed 

20.519 

K0443 

LH2 tank repressurization valve open 

44,070 

KO 616 

LH2 tank overpressure pressure switch energized 

45.474 

KO 443 

LH2 tank repressurization valve closed 

84.102 

K0444 

LOX tank repressurization valve closed ^ 

84.104 

K0563 

LOX tank overpressure pressure switch energized 

118. 242 

KO 516 

LH2 tank vent valve open 

167 . 5 * 

K0466 

LOX tank NPV valve open 


* Approximate time. Exact time is not available <^ue to UER saturation. 


4-7’ 







TAiiLE H-3 


ACCEPTjPCE firing sequence 


Time 

(Sec) 

Meas . 
No. 

- Event 

-8t4.0T3 

K 2881 

Engine start tank purge supply closed 

-870.009 

K 2853 

Start engine start tank chilldown and fill 

- 407*930 

K2888 

Start engine thrust chamber chilldown 

-329.968 

K3885 

Start tank vent closed 

-325.056 

K2852 

End engine start tank fill 

-298.969 

K2892 

End engine control bottle fill 

-298.718 

K0512 

LH 2 chilldown pump on 

-288.692 

KO519 

LOX chilldown pump on 

-283.661 

KO576 

LOX and LH 2 prevalve closed command 

-283.550 

K 0540 

LH 2 prevalve open position drop-out 

-283.537 

K 0541 

LOX prevalve open position drop-out 

-283.306 

KO549 

LH 2 pre valve closed position pick-up 

-283.244 

KO55O 

LOX prevalve closed position pick-up 

-208.918 

K 2424 

LOX NPV latched 

-165.372 

KO533 

LOX vent valve closed 

-163.758 

K057I 

Start LOX tank prepressurization 

- 153.412 

KO57I 

End LOX tank prepressurization 

- 146.119 

KO57I 

Start LOX tank prepressurization make-up cycle 

-145.282 

KO57I 

End LOX tank prepressurization make-up cycle 

- 95.784 

KO532 • 

LH 2 .tank vent valve closed 

-94.170 

K2897 

Start LH 2 tank prepressurization 

-51.692 

K2897 

End LH 2 tank prepressurization 

-7.856 

K 3705 

Cold helium supply vent opened 

-7.801 

K287O 

LH 2 tank prepressurization supply vent open 

0 


Simulated Liftoff ( 14 : 13 : 44.000 PST) 

488.799 

K2889 

Engine thrust chamber chilldown terminated 

507.697 

KO576 . 

LH 2 and LOX prevalve open command 

508.655 

KO549 

LH 2 prevalve closed position drop-out 

508.474 

KO550 

LOX prevalve closed position drop-out 

509.292 

KO57I. 

Open cold helixun shutoff valves 

509.837 

KO541 

LOX prevalve open pick-up 
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Table 4-3 (Continued) 




Event 

LH2 pre valve open pick-up 
LOX chilldown pump off 
LH2 chilldown pump off 
Engine start command 
Engine control helium valve opened 
LOX ASl valve opened 
Main LH2 valve started to open 
LH2 bleed valve closed 
Main LH2 valve opened 
LOX tank vent valve opened 
LOX bleed valve closed 

Start tank discharge valve open command 
Start tank discharge valve starts to open 
Start tank discharge valve open 
Start tank discharge valve close command 
MOV starts to open 
513.378 KO63I GG valve started to open 

513.421 K0460 Start tank valve started to close 

513. 507 K0457 GG valve open 

513.634 KO695 Start tank valve closed 

514.676 KO524 LH2 tank flight pressure valve close command 

514.676 KO523 LH2 tank step press valve close command 

515.442 K0466 LOX tank vent valve closed 

515.515 K0459 MOV open 

516.012 KO532 LH 2 tank vent valve and latching vent valve began 

K 2431 relieving 

531.402 KO532 LH2 vent valve closed 

532.671 K2432 J-2 heat exchanger bypass valve open disabled 

768.845 K2431 LH2 latching vent valve closed 

861.859 KO524 LH 2 tank flight pressurization second bura mode 

KO523 initiated 

KO523 LH2 tank step pressurization initiated 

KO524 


Time Me as . 

(Sec) No. 

510.087 KO540 

510.963 KO519 

511.055 KO512 

511.693 KO5 56 

511.695 KO53I 

511.758 KO627 

511.762 KO632 

511.810 KO557 

511.831 KO458 

511. 836 ko 466 

511.843 KO558 

512.827 K0536 

■512.956 KO695 

513.039 K046o 

513.279 K0536 

513.365 KO633 


921.850 








Table,- h-?j (Conbinued) 


Time 

(Sec) 

Me as . 
No. 

Event 

922.0i^5 

KO 577 

V 

LH2 and LOX chilldown shutoff valve closed conmand 

922. 19T' 

KO 544 

LH2 chilldora shutoff valve open drop-out 

922.203 

KO 545 

LOX chilldovn shutoff valve open drop-out 

922.21^6 

KO 552 

LOX chilldown shutoff valve closed pick-up 

922.248 

KO 55 I 

LH2 chilldovn shutoff valve closed pick-up 

927.866 

KO 532 i 

LH2 vent valve relieving 

929.204 

K2431 

LH2 tank latching vent valve closed position drop-out 

971.684 

KO 522 

Engine cutoff command 





SECTION 5 


SEQUENCE OF EVENTS 


fJj!!QUT’.:NGK OF J'iVl-lNTC 

The S-P/B -508 acceptance firing sequence of events is" presented in' 
table 5-1. The two time bases used in this table are as follows: 

First 0^-H^ Burner Ignition Sequence 1118:19.000 hr PST 

Simulated Liftoff for J-2 Engine Firing lJil3:^^.000 hr PST 

The data sources were the Digital Events Recorder (DER/CAT 57) and the 
PCM/PM System (CAT h2) . Ac curacies ^ of the listed events are as 
follows : 


Data Source 


Accuracies 


Digital Events Recorder (DER/CAT 57) +0, -1 ms 


PCM/FM 

Discrete Bilevel (CAT 42) 
Direct Inserted 
Submultiplexed 


+0 , -9 ms 
+0, -84 ms 
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table 5-1 (Sheet 1 of l6) 
SEQUENCE OP EVENTS (j-2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/FM 

SEQUENCE (CAT 42) • 

EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

NO. 

TIME 

(sec) 

Launch Automatic Sequence 
Start (j-2 Eng. Firing 
Phase) 






S-IVB Engine Cutoff 

12 

K389O 

-478.009 



Aux Hyd Puinp Fit Mode On 

28 

K3890 

-476,91? 



Aux Hyd Pump Fit Eel 
Reset - Off 


KO621 

-476.913 



Aux Hyd Pump Power On 


KO513 

-476.830 



Eng St Tk Dump Close 


K3885 

-329.968 



LHg Chilldown Pump On 

58 

K3890 

-298.726 



LH C/D Pump Eel Reset - 
Off 


KO6U1 

-298.720. 



LH^ C/D Pump Inverter On 


KO512 

-298.718 



LOX Chilldown Pump On 

•22 

K3890 

-288.701 



LOX C/D Pump Eel Reset - 
Off 


K0644 

-288.693 



LOX C/D Pump Inverter On 


KO519 

-288.692 



LOX & LH2 Prevalve Close 
Command - On 


K05T6 

-283.661 



LH2 Prevalve Open 
Indication ~ Off 


KQ54 o 

-283.550 

Koni 

-283.542 

LOX Prevalve Open 
Indication - Off 


K0541 

-283.537 

KOIO9 

-283.459 

LH2 Pre valve Closed 
Indication - On 


KO549 

-283,306 

K0112 

-283.292 

LOX Prevalve Closed 
Indication - On 


KO550 

-283.244 

KOllO 

-283.209 
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TABM] 5-1 (Sheet 2 of l6) 
SEQUEITCE OF EVENTS (j-2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 5T) 

PCM/FM 

SEQUENCE (CAT 42),' 

■ EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

ME AS. 
NO. 

TIME 

(sec) 

MEAS. 

WO. 

TIME 

(sec) 

Heat Exchanger Bypass 
Valve Control Disable 
(Preflight Command Only) 

51 

K389O 

-209.069 


• 

Heat Exchanger Bypass 
Disable 

1 

..''1 

K2U32 

-209.060 



LOX Tk NPV Vlv Latch 
Open Off 


K389O 

-208.927 


• 

LOX Tk Vent & NPV Latch 
Est On 


K 2 k 2 k 

-208,918 


’ 

LOX Tank Vent Valve 
Open Command - Off 


K05T5 

-165.819 



LOX Tank Vent Valve 
Closed Indication - On 


KO533 

-165 . 375 

K0002 

-165 '.29,7 

Cold He Shutoff Valve 
Open Command 


K3802 

-163.765 


. 

Cold He Shutoff Valve 
Open Indication 

' 

KO57I 

-163.758 



LOX Tk Overpress P/S Sner 


KO563 

-153. U17 

K0102 

-153.382 

He Cold Sol Vlv Opn 
De-Ener 


KO57I 

-153.i^l2 


■ 

LOX Tk Overpress P/S 
De-Ener 


KO563 

-IU6.126 

K0102 

-146.048 

He Cold Sol Vlv Opn Ener 

■■ 

K05T1 

-11^6.119 



He Cold Sol Vlv Opn 
De-Ener 


K0571 

-145.282 



LH2 Tank Vent VaJ.ve 
Close Command - On 


K0516 

-96.316 



LH2 Tank Vent Valve 
Closed Indication - On ’ 


K0532 

-95.784 

KOOOl 

-95.810 
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TABLE 5-1 (Sheet 3 of l6) 
SEQUENCE OP EVENTS (j-2 ENGINE) 


EVENT/RESULT OP COMMAND 


LOX Tank Fill & Drain 
Bst Close ~ On 

LOX Tank Pill & Drain 
Open - Off 

LOX Tank Fill & Drain 
Closed Indication - On 

LOX Tank Fill & Drain 
Bst Close - Off 

LH2 Tank Fill & Drain 
Bst Close - On 

I1H2 Tank Fill & Drain 
Open - Off 

IJS2 Tank Fill & Drain 
Closed Indication - On 

LHp Tank Fill & Drain 
Bst Close - Off 

Aft Busl Transfer 
Internal Indication 

Aft Biis 2 Transfer 
Internal Indication 

Fwd Bus Transfer Internal 

LHp Tank Vent Dir Gnd 
Position Off 

LH2 Tank Vent Dir 
Flight Position On 

R/S 1 PD Cmd Inhibit Off 
Indication 

R/S 2 PD Cmd Inhibit Off 
Indication 


SWITCH 

SELECTOR 

CHANNEL 


DIGITAL EVENT 
RECORDER (CAT 5T) 

PCM/FM 

SEQUENCE (CAT 42.) 

MEAS, 

NO. 

TIME 

(sec) 

MEAS. 

NO. 

TIME 

(sec) 

K 3845 

- 84.456 



KO547 

-83.837 



K0553 

-83.336 

kooo 4 

-83.310 

K381^5 

-82.408 

' 


K3831 

-82.357' 


• 

K05^t6 

-81.704 


* 

KO554 

-81.200 

K0003 

-81.143 

K3831 

-80.308 



KO622 

-49.147 



KO623 

-48.887 



KO639 

-48.642 



KO561 

-26.264 

K0113 

-26.221 

KO562 

-26.187 

K0114 

-26.138 

K0662 

-7.774 



KO661 

-7.745 
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TABLE 5-1 (Sheet 1+ of l6) 
SEQUENCE OP EVENTS (j-2 ENGINE) 



1 ■ ‘ 

SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/PM 

SEQUENCE (cat 42^) 

' EVENT/RESULT OP COM^D 

SELECTOR 

CHANNEL 


TIME 
( sec) 

MEAS. 

NO. 

TIME. 

(sec) 

Simulated Liftoff 



000.000 




' T/M Calibration On 

62 

K3^0 

116.712 



‘ 

T/M Calibration Off 

63 

K3890 

117.826 




Eng Pump Prg Cont Valve 
Enable On 

2 k 

K389O 

330.5^vU 




Eng Pump Prg Sol Valve 
Energized 


KO566 

330.556 




-Eng Cutoff Arm - Observer 


K58II 

333.984 




Eng Pump Prg Cont Valve 
Enable Off 

25 

K3890 

450.652 




Eng Pump Prg Sol Valve 
De-energi zed 


KO566 

450.665 




T/M Calibration On 

62 

K3890 

451.999 




T/M Calibration Off 

63 

K3890 

453.125 




Charge Ullage Ignition On 

54 

K3890 

507.555 




■ Ullage Rkt Pilot Rel^s 
Rst Off 

• 

KO673 

507.561 




LH2 S: LOX Prevalve Open 
Command - On 


K05T6 

507.697 




LOX Prevalve Closed 
Indication - Off 


KO550 

508.474 

KOllO 


508.505 • 

LK2 -Prevalve Closed 
Indication - Off 


K05^9 ■ 

508.655 

K0112 


508.672 

LOX Tk Fit Press Sys On 

103, 

K3890 

509.279 




LOX Prevalve Open 
Indication - On 


KO5H1 

509.837 

K0109 ' 


509.838 


*Tq t 1413:U4.00 


5~5 










TABLE 5-1 (Sheet 5 of l6) 
SEQUENCE OF EVENTS (j-2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/FM 

SEQUENCE (CAT 42) 

EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEAS. 

NO. 


MEAS. 

NO. 

TIME 

(sec) 

LH2 Prevalve Open 
Indication - On 


K05it0 

510 . 087 

KOlll 

510.038 

LOX Chilldo-wn Pump Off 

23 

K389O 

510.958 



LOX C/D Pump Inverter 
Off Indication 


KO519 

510.963 



LOX C/D Pump Rel Reset 
Indication 


Ko6it4 

510.966 



LHg C/D Pump Off 

59 

K3890 

511.050 



LH2 C/D Pump Inverter 
Off Indication 


K0512 

511.055 



LH2 C/D Pump Rel Reset 
Indication 


ko 64 i 

511.057 



S-IVB Engine Cutoff Off 

13 

K3890 

511.228 



Engine Cutoff Ind - Sw 
Sel Reset 


ko 4 i 8 

511.234 

koi 4 o 

511.314 

Engine Cutoff Indicator - 
De-energized 


K0522 

' 511.240 



Aft Separate Simu 1 On 


k 4790 

511.291 



Aft Separate Simu 2 On 


K5714 

511.323 



Fire Ullage Ign On 

56 

K3890 

511.384 



Ullage Rkt Ign PS 1 
Indication 




koit 6 

511.438 

Ullage Rkt Ign PS 2 
Indication 




KOI77 

511.438 

S-IVB Engine Start On 

9 

K3890 

511.689 



Engine Start Command Rel 
Rst Off 


KO634 

511.693 
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TABLE (Lheet 6 of l6 ) 
SEQUENCE OP EVENTS (j-2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 5T) 

PCM/FM 

SEQUENCE (CAT 42) 

EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

NO. 

TIME 
• - .(see) 

Engine Start Command On 


KO556 

511.693 

• K0021 

511.695 

Eng Ign Ph Cont Sol Ener 


KO535 

5II.69I1 

KOOO6 

511. 695 

Eng Spark T/C Sys On 


K0H5it 

511. 69 li 

KOOlO 

511.695 

Eng Spark GG Sys On 


KOii55 

511. 69 H 

KOOll 

511 . 695 

Eng Cont He Sol Valve 
Ener- 


KO53I 

511-695 

KOOO7 

511.695 

Eng Ready Sig Off 

• 

KO53O 

511.697 

K0012 

511.763 

Eng ASI LOX Valve Open 


K062T 

511.758 



Eng Main LHp Vlv Cls - 
Off 


KO632 

511.762 



Eng LH Bid Valve Cls - 
On 


K0557 

511.810 



Eng Main LHp Vlv Open - 
On 


K0lt58 

511.831 

KOII8 

'' 511.847 

Eng LOX Bid Vlv Cls - On 


KO558 

511.8^13 



Eng Ign Detected 


K0537 

511.966 

KOOO8 

511.970 

Aft Separate Simu 1 Off 


k 4T90 

512.038 



Aft Separate Simu 2 Off 


K571^ 

512.048 



Fuel Inj Temp OK Bypass 

11 

K3890 

512.817 



Fuel Inj Teii^) OK Bypass 
Reset 


K0446 

512.824 



Engine Start Tk Disch 
Sol Ener 


KO536 

512.827 

KOO96 • 

512.828 

S-IVB Engine Start Off 

2T 

K3890 

513.026 
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TABLE 5-1 (Sheet J of l6) 
SEQUENCE OF EVENTS (j-2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/FM 

SEQUENCE (CAT 42) 

EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEAS. 

NO. 

TIMS 

(sec) 

MEAS. 

NO. 

TIME 

(sec) 

Engine Start Command Rel 
Rst 


K063k 

513.029 



Engine Start Commsind Off 


KO556 

513.031 

K0021 

512.053 

Eng St Tk Disch Vlv 
Opn - On 


K0460 

513.039 

K0122 

513.097 

Eng St Tk Disch Sol 
Ener - Off 


KO536 

513.279 

KOO96 

513.287 

Eng M/S Cont Sol 
Ener - On 


KO538 

513.279 

KOOO5 

513.278 

Eng Main LOX Vlv Cls - 
Off 


KO633 

513.365 



Eng GG Vlv Cls - Off 


KO63I 

513.378 



Eng St Tk Disch Vlv 
Opn - Off 

- 

KOU60 

513.421 

K0122 

513.430 

Eng GG Vlv Opn - On 


K0U5T 

513.507 

KOII7 

513.513 

Eng LOX Turh Byp Vlv 
Open - Off 


ko 46 i 

513.536 

K0124 

513.605 

Eng St Tk Disch Vlv 
Cls - On 


K0695 

513.634 



Eng LOX Turh Byp Vlv 
Closed - On 


K0463 

513.749 

KOI25 

513.772 

First Burn Relay On 

68 

K3890 

514.667 



First Burn Press Cont Vlv 
Sol Ener 


KO524 

514.676 



First Burn Step Press 
Cont Vlv Ener 


KO523 

514.676 



Eng M/S OK Press Sw-1 


KO61O 

514.914 

K0014 

514.996 
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TABLE 5"1 (Sheet 8 of l 6 ) 

• SEQUENCE OF EWSNTS (j -2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57 ) 

PCM/FM 

SEQUENCE (CAT 42 ); 

EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

WO. 

TIME ’ 
( s ec ). 

Eng M/S OK P/S -1 
Pressurized 


KO572 

514.915 

KOI58 

5 l 4 .954 

Eng M/S OK Press Sw 
Pick-up (No) _ ' 


K 0412 

514.916 



Eng M/S OK Press Sw 
Pick-up (No) 


KO685 

514.916 



. Eng M/S OK P/S -2 
Pressurized 


KO573 

514.949 ' 

KOI59 

514.954 

Eng M/S OK P/S -2 
Pressurized 



' 

KOI57 

514.954 

Eng Main LOX Vlv Open 


KOU59 

515.515 

K 0120 

515.596 

Eng Spark GG Sys - Off 


KO454 

516.580 

KOOlO 

516.585 

Eng Spark T/C Sys - Off 


KOit 55 

' , 516.580 

KOOll 

516.585 

PU Activate On 

5 

K389O 

517.854 



PU Activated 


KO507 

517.859 


' 

Chg Ullage Jett On 

' 

55 

K389O 

519.335 



Fire Ullage Jett On 

57 

K389O 

521.869 



' EBW Fire 1 PS 




K 0149 

521.946 

EBW Fire 2 PS 




KOI5O 

521 .-946 

Fuel Inj Temp OK Bypass 
Reset 

16 

K389O 

523.089 



Eng LH2 Inj Temp Byp 
Rst 


ko 4 L 6 

523.089 



Ullage Chg Reset 

88 

K3890 

525.262 



Ullage Firing Reset 

73 

K 3890 

525.466 



UR Pilot Relays Rst 


KO673 

525.475 
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TABLE 5-1 (Sheet 9 of l6) 
SEQUENCE OF EVENTS (j-2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/FM 

SEQUENCE (CAT 42) 

EVENT/BESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEi^,. 

NO. 


MEAS. 

NO. 

TIME 

(sec) 

Ht Exch Valve Control 
Enable 

50 

K3690 

532.665 




R/S Tone 2 EBW Arm & ECO 


K5T58 

536.107 



• 

R/S 2 Arm & ECO Cmd Rcvd 


KO659 

536.214 




R/S 1 Arm & ECO Cmd Rcvd 


KO66O 

536.217 




R/S 2 PD EBW FU Pwr On 


KO651 

536.217 




R/S 1 PD EBW FU Pwr On 


K0650 

536.220 




R/S 2 EBW Arm & ECO On 


KO692 

536.221 




R/S 1 EBW Arm & ECO On 


KO693 

536.224 

' 



R/S 2 Arm & ECO Cmd Rcvd 
Off 


KO659 

536.241 




R/S 1 Arm & ECO Cmd Rcvd 
Off 


KO660 

536.245 




R/S Tone 2 EBW Arm & ECO 
Off 


K5758 

536.379 




R/S Tone 1 PD Cmd On 


K575T 

539.476 




R/S 2 PD Cmd Rcvd On 


K2U05 

539.582 

K0142 


539.603 

R/S 1 PD Cmd Rcvd On 


K2i*0U 

539.585 

koi 4 i 


539.603 

R/S 2 PD Cmd Rcvd Off 


K2i+05 

539.610 




R/S 1 PD Cmd Rcvd Off 


K2ll04 

539.614 




R/S Tone 1 PD Cmd Off 


K575T 

539.724 




R/S Tone 6 Sys Off Cmd - 
On 


K5759 

542.79a 




R/S 2 Sys Off Cmd Rcvd ~ 
On 


KO679 

542.899 




R/S 2 PD EBW FU Pwr Off 


KO651 

542.901 
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TABLE 5-1 (Sheet 10 of l6) 
SEQUENCE OP EVENTS (j-2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57) 

EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEAS. 

NO. 

TIME 

(sec) 

R/S 2 Rcvr Pwr Off 


KO678 

5i^2.901 

R/S 2 Sys Off Cmd Rcvd - 
Off 


KO679 

5)j2.902 

R/S 1 Sys Off Cmd Rcvd - 
On 


KO68I 

5U2.903 

R/S 1 Sys Off Cmd Rcvd 
Off 


KO68I 

5^2.904 

R/S 1 PD EBW FU Pwr Off 


KO65O 

5U2.90iv 

R/S 1 Rcvr Pwr Off 


KO68O 

5 h 2 . 90 h 

R/S Tone 6 Sys Off Cmd - 
Off 


K5759 

5^3.051 

Aux Hyd Pmp Fit Mode Off 

29 

K3890 

656.79i^ 

Avx. Hyd Pmp Fit Rel Rst - 
Off 


KO621 

656.798 

Aux Hyd Pmp On Ener - Off 


KO513 

657 -0H6 

Aux Hyd Pmp Fit Mode On 

28 

K389O 

706.892 

Aux Hyd Pmp Fit Rel 
Reset - Off 


KO621 

706.895 

Aux Hyd Pmp Power On 


KO531 

706.981 

First B\arn Relay Off 

69 

K3890 

861.852 

Fuel Tank Press Cont Vlv 
Sol De~ener 


KO52J+ 

861.859 

Fuel Tank Step Press 
Cont Vlv Sol De-ener 


KO523 

861.860 

Second Birrn Relay On 

32 

K389O 

86l.96ii 

LH_ Tk Step Pres Vlv Ener 


KO523 

861.972 












'I’AJii.K Ij- 3 . (ahc-et IJ of 16 ) 
JJJiCiUJilNCJfi OF ]i;V 7 <iriTO (J~^! ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57 ) 

PCM/FM 

SEQUENCE (CAT 42 ) 

EVENT/EESULT OF COMMAND 

SELECTOR 

CHANNEL 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

NO. 


Fuel Tk Press Cont Vlv 
Sol Ener 


K 052 k 

861.972 



PU Active Off 

6 

K389O 

862 . 05 l^ 



PU Hardover On 

17 

K 3890 

862.151 



Second Burn Belay Off 

33 

K389O 

921. 8U3 



Fuel Tk Press Cont Vlv 
Sol De-enef 


KO52U 

921,850 



LH^ Tk Step Pres Vlv Ener 


KO523 

921.850 



PU Position Hardover Off 

18 

K389O 

921 . 93 i^ 



LHg & LOX C/D Shutoff 
Close Ener - On 


KO577 

922 . 01^5 



LH2 6 /D Shutoff Valve 
Open - Off 


ko 5^+4 

922.197 

K 0137 

922.203 

LOX C/D Shutoff Valve 
Open - Off 


K 05^5 

922.203 

K0138 

922.211 

LOX C/D Shutoff Valve 
Closed - On 


KO552 

922.246 

K0139 

922.295 

LH2 C/D Shutoff Valve 
Closed - On 


K 0551 

922.248 

KOI 36 

922.286 

Point Level Sensor Arming 

97 

K3890 

966.256 



Eng Pump Purge Cont Vlv 
Enable On 

2 h 

K3890 

• 966.355 



Eng Pump Prg Sol Vlv 
Ener - On 


KO566 

966.367 

KOIO5 

967.901 

Eng Cutoff Lock-in Ind - 
On 


K 0539 

971.681 

K 0013 

971.741 
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TABLE 5-1 (Sheet 12 of l6) 
SEQUENCE OF EVENTS (j-2 ENGINE) 











TABLE 5-1 (Sheet 13 of l6) 
SEQUENCE OF EVENTS (j-2 ENGINE) 


. 

SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/PM 

SEQUENCE (CAT 42) 

EVENT/RESULT OP COMMAND 

■SELECTOR 
' CHANNEL 


TIM - 
(sec) 

MEAS, 

NO. 


Eng Main LH^ Vlv Cls - On 


KO632 

971.979 



Eng Pmp Prg Cent Vlv 
Enable On 

24 

K3890 

972.022 



Pwd Btis Transfer External 
Indication - Off 


KO639 

972.121 



Aft Bus 1 Transfer 
External Indication 


K0622 

972.302 



Eng LOXTurb Byp Vlv Opn 


K046 i 

972.403 

K0124 

972.416 

Aft Bus 2 Transfer 
External Indication 


KO623 

972.479 



Eng Corit He Sol Vlv 
Ener - Off 


K0531 

972.674 

KOOO7 

972.681 

Eng Cutoff Lock-in Ind - 
Off 


K0539 

‘ 972.677 

K0013 

972.741 

Eng Beady Sig On 


KO53O 

972.680 

K0012 

' 972.7^1 

LH2 & LOX Prevalve Closed 
Command - On 


KO576 

973.149 



LH2 Prevlv Open 
Indication - Off 


KO540 

973.256 

Koin 

973.316' 

LOX Prevlv Open 
Indication — Off 


KO541 

973.272 

K0109 

973.316 

LH2 Prevlv Cls - On 


KO549 

' 973.494 

K0112 - 

973.556 

LOX Prevalve Close — On 


KO550 

973.568 

KOllO 

973.650 

S-IVB Engine Start Off 

27 

K389O 

973.789 



He Cold Sov Cls — On 


K3O02 

973.882 



He Cold Sov Opn - Ener - 
Off 

. 

KO57I 

973.888 
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TABLE 5-1 (Sheet l4 of l6) 
SEQUENCE OF EVENTS (j-2 ENGINE)’ 










TABLE 5-1 (Sheet 15 of l 6 ) 
SEQUENCE OF EVENTS (j -2 ENGINE) 



SWITCH 

DIGITAL EVENT 
RECORDER (CAT 57 ) ' 

' ' PCM/FM 

SEQUENCE (CAT 42 ) 

EVENT/RESULT OF COMMAND 

SELECTOR 

CHANNEL 

■■ 

TIME 

(sec) 

MEAS. 

NO. 

TIME 

(sec) 

Aux Hyd Pmp Fit Eel Rst 


K0621 

970.002 


- 

Aux Hyd Pmp On Ener No 


K0513 

1087.472 



Eng Cutoff Cmd - C/T 
P^r Off 


k 4796 

1124.660 

• 


En^ Cutoff Cmd - GSE 
P*r Off 


k 4797 

1121.686 


• 

S-IVB Eng Cutoff Off 

13 

K3890 

1124.756 

s. 


Eng Cutoff Ind - Sw Sel - 
Off 


ko 4 i 8 

1124.762 

/• 


' LOX Tk Press Shutoff Vlvs 
CIS Off ■ ^ 

80 

K3890 

1124.926 

/ 

< 

LHp Tk Vnt Dir Fit Pos - 
Off , 


K0562 

1131.456 


) 

LH2 Tk Vnt Dir Gnd Pos - 
On 


K0561 

1131.517 



T/M Pfelatmch C/O Grp On 
Command 


ko 4 o 6 

1213.515 


• 

T/M Prelaunch C/O Grp On 
Indication 


ko 4 o 8 

1213.564 



T/M Prelaunch C/O Grp On 
Comm - Off 


ko 4 o 6 

1213.691 



Inflight Relay On 
Reg. Cal. On 

48 

46 

K3890 

K3890 

1213.869 

1213.958 



Inflight Relay Off 

49 

K3890 

1219.077 



Reg. Cal. Off 

47 

K3890 

1219.173 

■ 


T/M Cal. On 

62 

K3890 

1219.277 
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TABLE 5-1 (Sheet l6 of l6) 
SEQUENCE OF EVENTS (j-2 ENGINE) 










TABLE 5-2 (Sheet 1 of 9) 
SEQUENCE OF EVENTS (Og-H^ BURNER) 


EVENT /RESULT OF COMMAND 

SWITCH 

SELECTOR 

CHANNEL 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/FM 

SEQUENCE (CAT 42) 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

NO. 

|BH 

Burner Start (T^)* 






T/M Calibration On 

62 

K3890 

■ -1181. 90U 



T/M Calibration Off 

63 

K3890 

-1180.784 



RACS Cal (End) 


K4802 

-1155.942 



T/M Prelaunch C/O Group Off 
Command 


K0403 

-1155.338 


• 

T/M Prelaxinch C/0 Group On 
Ind - Off 


K0408 

-1155.299 



T/M Prelaunch C/O Group Off 
Command - Reset 


K0403 

-1147.587 



Aft Bus 1 Transfer Internal 
Indication 


KO622 

-1147.544 



Aft Bus 2 Transfer Internal 
Indication 


KO623 

-1147.278 



Fwd Bus Transfer Internal 
Indication 


KO639 

-114t.032 



Ambient Repress Mode Sel 
Off and Cryo On 

3T 

K389O 

-114i.34o 



Burner Fuel Prop Vlv Clsd 
Off 

6l 

K3890 

-114i.250 



Burner LOX Shutdown Valve 
Close Off 

75 

K3890 

-1i41.159 



Burner Automatic Cutoff 
Sys Arm 

85 

K3890 

-1136.550 

' 


Ambient Repress Mod Sel 
Off and Cryo On 

37 

K3890 

-1131.080 

KOI95 

N/A 


*T^ = 1118:19.000 
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TABLE 5-2 (Sheet 2 of 9 ) 
SEQUENCE OF EVENTS BURNER) 


EVENT /RESULT OF COMMAND 

SWITCH 

SELECTOR 

CHANNEL 

DIGITAL EVENT 
RECORDER (CAT 57 ) 

PCM/FM 

SEQUENCE (CAT 42 ) 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

NO. 

TIME - 
(sec) 

S-IVB Ullage Engine No. 1 
Off 


K389O 

-1130.923 




S-IVB Ullage Engine No. 2 
Off 

102 

K389O 

-1130.826 




Burner Automatic Cutoff 
Sys Disarm 

86 

K 3890 

-1130.735 




Burner Fuel Prop Valve 
Closed Off 

61 

K 3890 

-1130.590 




Burner LOX Shutdown Close 
Off 

75 

K389O 

-1130.501 




LOX Tank NPV Valve Latch 
Open On 

liU 

K389O 

-1121. 4 o 4 



’ 

Burner Fuel Prop Valve 
Open On 

26 

K389O 

0.544 




Burner System Rel Rst - 
Off 


KOU37 

0.551 




Bvirner LHp Prop Valve Cls 
Off 


K 0 h 32 

0.559 

KO180 


0.652 

Biimer LH2 Prop Valve Opn 
On 


K 0 i ^31 

0.626 

K0181 


0.652 

Burner Exciters On 

70 

K389O 

0.854 




Burner LOX Shutdown Valve 
Open On 

89 

K389O 

1.275 




Burner LOX Shutdown Valve 
Close - Off 


K 0428 

1.343 




Burner LOX Shutdown Valve 
Opn - On 


KGU27 

1.349 



’ 
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TABLE 5-2 (Sheet 3 of 9) 
SEQUENCE OF EVENTS BUENER) 


EVENT /RESULT OP COMMAND 

SWITCH 

SELECTOR 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/FM 

SEQUENCE (CAT 4'2) 

; . . 


CHANNEL 

MEAS. 

NO. 

TIMS 

(sec) 

MEAS. 

HO. 

TIME 
( sec) 

LH2 Tank Continuous Vent 
Valve Closed On 

Qk 

K389O 

1.483 



LH2 Tank Continuous .Vent 
Valve Relays Reset - Off 


KOU52 

1.490 



LH2 Tank Continuous Vent 
Relief Override Valve 
Closed - On 


KO699 

1.510 

■ KOI54 

1.561 

LH2- Tank Continuous Vent 
Orf Bypass Valve Open - Off 


KO45I 

1.595 



LH2 Tank Continuous Vent 
Orf Bypass Valve Closed - 
On 


K2400 

1.596 

K0155 

1.660 

Burner Fuel Prop Valve 
Open - Off 

72 

■ 

K3890 

2.095 



Burner LOX Shutdown Valve 
Open Off 

90 

K3890 

2.806 



LHg Tank Continuous Vent 
Valve Close Off 

6 t 

K3890 

3.512 



LHg Tank Continuous Vent 
Valve Relays Reset - On 


KO452 

3.521 



Burner Exciters Off 

71 

K3890 

4.678 



Burner Sys Rel Rst - On 


K0437 

4.688 



Burner Automatic Cutoff 
Sys Arm 

85 

K3890 

7.370 



LH2 and LOX Repress Sys 
Rst - Off 


K04'41 

7.374 



Burner Automatic Cutoff 
Sys Enable On 


KO438 

7.374 

■■ 
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TABLE 5-2 (Sheet 1* of 9) 
SEQUENCE OF EVENTS (O^-Hg BURNER) 


SWITCH 

EVEHT/EESULT OF COMMAND SELECTOR 

CHANNEL 


LHp Tank Repress Control 
Valve Open On 

LH2 Repress Valve Ener - On 

LOX Tank Repress Cent Valve 
Open On 

LOX Tank Repress Valve Ener 
On 

LOX Tank Repress Cont Valve 
Open Off 

LOX Tank Repress Valve Ener 
Off 

Aux Hyd. Pmp Fit Mode - On 

Aux Hyd Pimp Fit Rel Rst 

Aux Hyd Pump On - Ener 

LHg Tank Repress Valve Ener 
Off 

LOX Tank Repress Cont Valve 
Open Off 

LOX Chilldown Pump On 

LOX Chilldown Pump Rel 
Rst - Off 

LOX Chilldown Pump Inv 
On 

LHg Chilldown Pump On 

LHp Chilldown Pump Rel Rst 
Off 


DIGITAL EVENT 
RECORDER (CAT 5T) 


MEAS. TIME 

NO. (sec) 


K 3890 


K 3 S 90 


7.);80 


7.^88 


7.688 


KOWU 7.701 


K3890 178.027 


K0i^i^4 178.039 


K3890 178.853 
KO621 178.857 
KO513 178.940 
K0443 181.943 


K3890 208.286 


K3890 208.446 

K0644 208. 453 


KO519 208.455 


K3890 213.502 

K064 i 213.508 









TABLE 5-2 (Sheet 5 of 9 ) 
SEQUENCE OF EVENTS BUENER) 


EVENT/RESULT OF COMMAND 

SWITCH 

SELECTOR 

CHANNEL 

DIGITAL EVENT 
RECORDER (CAT 57 ) 

PCM 

SEQUENCE (CAT 42 ) > 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

NO, 

TIME 

(sec) 

LH^ Chilldown Pump I_nv On 


KO512 

213,510 



LHg ajid LOX' Prevalve Close 
Command — On 

> 

KO576 

218.685 



LH2 Prevalve Open Indica- 
tion - Off 


KO54O 

218.786 

KOlll 

218.826 

LOX Prevalve Open Indica- 
tion - Off 


KO54I 

218.807 

KOIO9 

218.826 

LH2 Prevalve Closed 
•Indication - On 


KO549 

219.045 

K0112 

219.076 

LOX Prevalve Closed 
' Indication - On 


KO55O 

219.103 

KOllO 

219 . 160 

Second Burn Relay On 

32 

K389O 

409 . 372 



LHg Tank Fit Press Valve 
Ener 


K 0524 

409 . 380 


' 

LH2 Tank Step Pres Vlv Ener 


KO523 

409 . 380 



PU Valve Handover Position 
On 

17 

K 3890 

409 . 462 



S-IVB Ull Engine No. 1 On 

42 

K 3890 

455.555 



, S-IVB Ull Engine Rel Rst 


K 0429 

455.560 

■V 


S-IVB Ull Engine No. 2 On 

101 

K3890 

455.645 



. LOX Tank Repress Cont Vlv 
Open Off 

4 

K389O 

455.782 



LH2 Tank Repress Cont Vlv 
Open Off 

81 

K 3890 

455.920 



Burner Fuel Prop Vlv 
Closed On 

60 

K3890 

456.066 
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TABLE 5-2 (Sheet 6 of 9) 
SEQUENCE OF EVENTS (O^-Hg BURNER) 


EVENT /RESULT OF COMMAND 

SWITCH 

SELECTOR 

CHANNEL 

DIGITAL EVENT 
RECORDER (CAT 57) 

MEAS. 

NO. 


Burner Sys Rel Rst - On 


ko 437 

456.072 

Burner Automatic Cutoff Sys 
Disarm 

86 

K3890 

456.287 

■ LH2 + LOX Repress Sys Rst 


K0441 

456.292 

Burner Automatic Cutoff 
Sys Enab 


KO438 

456.293 

LH2 Tank Cont Vent Valve 
Close On 

8U 

K389O 

456.481 

LH2 Tank Cont Vent Valve 
Rel Rst 


KO452 

456.487 

Amb Repress Mode Sel On 
and Cryo Off 

36 

K3890 

456.884 

1^2 Repress Sys Rst 


K044 i 

456.887 

LH2 + LOX Repress Mode Amb 


K044 o 

456.887 

LHg Tank Cont Vent Valve 
Close Off 

87 

K3890 

457.489 

LH2 Tank Vent Orf + Elf 
Rst 


K0452 

457.498 

Burner Fuel Prop Vlv 
Clsd Off 

61 

K3890 

458.091 

Biirner Sys Rel Rst - On 


ko 4 b 7 

458.100 

Burner LOX Shutdown Valve 
Close On 

74 

K3890 

459.615 


I1H2 Tank Cont Vent Valve 
Close Off 


87 


K3890 


J^59.T5l 










TABLE 5-2 (Sheet 7 of 9) 
SEQUENCE OF EVENTS 


EVENT /RESULT OF COMMAND 

SWITCH 

SELECTOR 

DIGITAL EVENT 
RECORDER (CAT 57) 

PCM/FM 

SEQUENCE (CAT 42) 

CHANNEL 

MEAS. 

NO. 

TIME 

(sec) 

MEAS. 

NO. 

TIME 
( sec) 

Biorner LOX Shutdown Valve 
Close Off 

T5 

K389O 

460.687 


' 

Burner Sys Rel Rst 


K0437 

460.695 



LHg + LOX Prevlv Close 
Ener 


KO576 

518,688 



LOX Prevalve Clsd On 


KO55O 

519.476 



LH2 Prevailve Clsd On 


K05^^9 

519.659 



LOX Prevalves Open - On 


K05ia 

520.833 

KOIO9 

520 . 812 

LHg Prevalves Open - On 


K05ij0 

521.060 

KOlll 

521.062 

LHg Chilldown Pump Off 

59 

K3890 

528.755 



LHp C/D Pmp Inv Off - 
Indication 


KO512 

528.760 


■ 

LHg C/D Pmp Relay Rst 
Indication 


K064l 

528.763 



LOX Chilldown Pump Off 

23 

K3890 

528.964 



LOX C/D Pmp Inv Off 
Indication 


KO519 

528.970 



LOX C/D Pmp Relay Rst 
Indication 


ko 64U 

528.973 



Aux Hyd Pmp Fit Mode Off 

29 

K3890 

530.240 



Aux Hyd Pump Fit Rel 
Rst - Off 


KO621 

530.245 



S-IVB Ull Engine No. 1 
Off 

h 3 

K3890 

530.383 
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TABLE 5-2 (Sheet 8 of 9) 
SEQUEWCE OF' EVENTS (Og-H^ BURNKU) 











TABLE 5-2 (Sheet 9 of 9) 
SEQUENCE OF EVENTS (Og-H^ BURNER) 


EVENT/RESULT OF COMMAND 
> 

V 

SWITCH . 
SELECTOR 

blGITAli EVENT 
RECORDER (CAT 5 Y) 

I'CM/KM 

SEQUI'iNCE (c;AT 4 'J) 

CHANNEL 

MEAS. 

NO. 


MEAS. 

NO. 

TIME 

(sec) 

LHg Tank Cont Vent VXv 
Close On 

84 

K389O 

672.634 



LHp Tank Vent Orf + Rif 
Rst 


K 0452 

672.641 



LHp Tank Vent Rif Ovrd 
Cls 


KO699 

672.660' 



LHp Tank Vent Orf Bypass 
Closed 


K 0451 

672.746 



I1H2 Tank Cont Vent Valve 
Close Off 

87 

K 3890 

674.750 



LHp Tank Vent Orf + Rif 
Rst 


K 0452 

674.758 


1 

LH2 Tank Repress Cont 
Valve Open On 

39 

K389O 

688.610 



LHp Tank Repress Vlv Ener 


K 0443 

688.619 


- 

LH2 Tank Step Pres Vlv 
Ener 


KO523 

712.170 

— 

i 

LH2 Tank Repress Vlv Ener 


K 0443 

713.574 
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SECTION 6 


ENGINE SYSTEM 


6. ENGINE SYSTEl^l 


The S-IVB stage acceptance firing was performed -with an uprated (230,000 
Ibf thrust) Rocketdyne engine S/N 2122 (figure 6-1) mounted on the stage. 
The engine was manufactured in the configuration baseline designed for- 
J-2 engine S/N 2088 and subs and described in the Rocketdyne configuration 
report (R-5T88). The manufacturer conducted the engine acceptance test 
program on 21 and 22 August 1967. The necessary performance demonstration 
was achieved in two test firings with an accumulated duration of 284,7 sec'. 
As a resiilt of these tests the engine performance tag values were estab- 
lished as follows: 

Thrust (F) ■ 226,461 Ibf 

Engine mixture ratio (EMR) 5-546 

Specific impulse (isp) . 423.1 sec ^ 

I 

The tag values were established with a LOX flowmeter -constant of 5.4790 

\ 

cycles per gallon (cpg) and an LH2 flowmeter constant of 1.8432 ^cpg. The 
gas generator feed system contained orifices with diametersj of -0.268' in. 
for LOX and 0.485 in. for LH2. The engine was equipped with a 1-sec start 
tank discharge valve timer in the engine control. None of the other modi- 
fications significantly affected performance. 

6.1 Engine Chilldown and Conditioning 

6.1.1 Turbopump Chilldown 

Chilldown of -the engine LOX and LH2 turbopumps was adequate to provide the 
conditions required for proper engine start. ,An analysis of the chilldown 
operation is presented in paragraphs 7.4 and 8.3. 

6.1.2 Thrust Chamber Chilldown 

The thrust chamber skin temperature (figure 6-2) was 267 deg R at engine 
start command, well within the engine start requirements of 235 ±75 deg R. , 
The rate of chilldown, however, was slower than normal, and the terminal 
temperatures were higher than normal as shown by the comparison of three 
acceptance firings presented in table 6-1. The LH2 pump 'start transient 
buildup characteristics were satisfactory, as shown- in figure 6-3- 

6"-l 



6.1.3 Engine Start Sphere Chilldown and Loading 


Chilldown and loading of the GH2 start sphere (figure 6-4) met require- 
ments for engine start (figure 6 - 5 ). The warmup rate averaged 1.66 deg 
R/min from sphere pressurization to engine start command. Significant 
data from three S-IVB stages are compared in table 6-2. 

6.1.4 Start Tank Refill Performance 

Figure 6-6 shows the refill performance of the J-2 start tank during the 
S-IVB-508 stage acceptance firing. Immediately prior to start tank dis- 
charge, the start tank conditions (l,3l6 psia and 277 deg R) were within 
the safe start envelope. When the start tank discharge valve (STDV) 
opened, the GH2 discharged through the turbines as shown in figure 6-6. 

The discharge was completed and the refill initiated when the temperature 
and pressure were 196 deg R and 157 psia, respectively, at ESC +1.875 sec. 
Except for the initial period when the injector was at its lowest tempera- 
ture (immediately after fuel lead) the refill was practically an exact 
reversal of the discharge. The tank was topped with lower temperature 
hydrogen from the LH2 pump discharge starting at ESC +7.25 sec. The. _ 
topping was terminated when the pressure differential across the topping 
check valve was lower than the minimima required for flow. At this time 
(ESC +44.0 see) the tank pressure and temperature were 1,176 psia and 

209.7 deg R, respectively. Environmental heating caused the start tank 
pressure and temperature to increase to the required level for start. 

Figure 6-7 shows the restart capability of the engine based on a 
Rocketdyne-determined criterion. The start tank pressure at STDV +60 sec , 
(ESC + 61.134 sec) was 1,202.5 psia as compared to a minimum allowable of 
950 psia. At ESC +57.7 sec , the start tank condition was within the safe 
start envelope; at engine cutoff command, the pressure and temperature were 

1 . 353.7 psia and 246.4 deg R. The pressure reached the relief valve setting 
( 1,350 psia) during the firing. 
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6.1.5 Engine Control Sphere Chilldown and Loading 

The engine control sphere conditioning was adequate (figure 6-8), and all 
objectives were satisfactorily accomplished. Significant engine control 
sphere performance data from four S-IVB stages are compared in table 6-3. 

6.2 J-2 Engine Performance- Analysis Methods and Instrumentation 

Engine performance for the acceptance firing was calculated by use of 
computer program PA63. The average performance during given intervals 
was calculated by computer program PAH9. Computer program PA53, utilizing 
revised techniques and the latest Bocketdyne correlations, was used to 
compute start and cutoff transient performance. Computer program G105-1 
was used to determine propellant consumption during burn.* A description 
of the operation and a comparison of the results of these programs is pre- 
sented in table 6-U. Data inputs to the -computer programs, with the 
applicable biases, are shown, in table 6-5. 

6.3 J-2 Engine Performance 

The engine performance was satisfactory. Plots of selected data showing 
engine characteristics are presented in figures 6-9 through 6-13. The 
engine propellant inlet conditions are discussed in sections 7 and 8. ' 

The 508 acceptance test differed from previous tests in that engine per- 
formance was demonstrated for both closed loop and open loop operation 1 
At ESC +350 sec , the PU system was deactivated and the PU valve was com- 
manded to the full open (4, 5/1.0 EMR) position. At ESC +tl0 sec, this 
command was removed and the valve went to the null position for the 
remainder of the firing. This test also provided engine performance data 
at 5 . 5/1.0, 5 .0/1.0, and t. 5/1.0 ‘mixture ratios for use in flight predic- 
tions. Cutoff was initiated by the fuel depletion sensors. All engine 
performance parameters indicated nominal engine performance immediately 
prior to and during engine cutoff. 


^Program UT23 was also used to analyize and study engine component 
performance . 
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The engine tag performance level at ESC +60 sec as determined by computer 
program PA63 (Past-64l deck) was as follows: 

Parameter 

Thrust (ibf) 

Mixture ratio 
Specific impulse (sec) 

These values are comparable , within the run— to-run deviations , to the J— 2 
engine -acceptance results. The composite values for steady-state per- 
formance are shown in table 6-6. 

Plow integral mass analysis indicated that 189,875 Ibrn of LOX and 37,0^0 
Ibm of LH2 were consumed between engine start command and engine cutoff 
command. The overall stage average performance from the 90 percent per- 
formance level (esc +3.634 sec) to engine cutoff (ESC +459.991 sec) is 
presented in table 6-6. The variation of specific impulse with mixture 
ratio is shown in figure 6-1 4. 

The total Impulse generated from engine start command bo engine cutoff 

6 

command (fuel depletion) was 96.35 x 10 lb sec. This was only slightly 
less than the predicted total impulse of 96.6$ x 10^ lb sec. The 
0.36 percent deviation is within the prediction accuracy of one percent. 
The 3.202 sec difference between the actual (ESC +459.991 -sec) and pre- 
dicted (ESC +463.193 sec) depletion times is also within the prediction 
accuracy. 

6.3.1 Start Transient 

The J-2 engine start transient was satisfactory. A summary of engine per- 
formance is presented in the following table: 

Acceptance 

Parameter Firing Log Book 

Time to 90 percent performance level (seconds) ESC +3.634 ESC +3.500' 
Time of start tank discharge command (seconds) ESC +1.134 ESC +1.000 
Thrust at 90 percent performance level (ibf) 169,632 177,968 

Total impulse (ibf-sec) 153,780 176,978* 

*Based on stabilized thrust at mall PU and standard altitude conditions 


DAC Rocketdyne 36 

Acceptance Acceptance Difference Run to Run ' 


225,025 
■ 5.569 

422.2 


226,461 
. 5.546 
423.1 


-1,436 

+0.023 


+2,216 

±0.03 

+2.46 
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Thrust buildup to the 90 percent performance level (STDV +2.5 second's)’ 
was within the maximm and minimum thrust bands as shown- in figure 6-15., 

The acceptance firing, total impulse was 23,200 Ibf-sec lower than the 
value given in the log book. This was due to a slow thrust rise rate 
during the second stage travel of the main oxidizer valve. This- slow 
initial thrust buildup was not detrimental to the' transient since at 
STDV +4.0 seconds the acceptance firing thrust was the same as -the value 
shown in the log book at the corresponding time. 

6.3.2 Steady-State Performance 

The J-2 engine performed satisfactorily during the steady-state portion 
of engine burn. A performance shift occurred during hardover 'operation 
(between ESC +120 and ESC +125 sec'). The effect of this shift was- 
observed in the majority of engine instrumentation although.no correspond- 
ing deviations in PU valve position were noted. The shi'ft, probably caused 
by a GG bootstrap system resistance shift, resulted in a 0.,8 percent thrust 
variation at the rate of 527 Ibf/sec. The allowable is +500 Ibf/sec. 

Average performance values for the acceptance firing steady-state operation' 
are presented in figure 6-l6 and compared with predicted performance values 
in table 6-6. During closed PU valve operation, the deviation was -less 
than 0.7 percent. Overall performance deviations were a result, of tJic dif- 
ference in predicted and actual cutback time (refer to section 11 ) arid the 
difference in predicted and actual engine response after cutback. 

Engine thrust variations during the acceptance - firing are presented 'in 
table 6-7. They are compared. to the predicted acceptance firing thrust 
history and to Contract End Item (CEl) thrust variation limits for 'flight. 
These limits do not apply to acceptance firing performance and are pre- 
sented for reference only. The thrust variations will be modified by flight 
effects on stage operation. Thrust variations during four periods of 
engine operation arc pres'ejited in figure 6-17 and discussed in the following 
p!i rngr.'i.plu!; 

a. 'file tluMint varLatioin; during haniover, or inaxiinum, engine 

mixture ratio operation ( kMK = 5 . '5) were withiti tlie CKl Mmi-l.s 
for normal engine operation*. Normal operating tlirnnt 

*Engine performance shifts are excluded from CEI speci fi cat.ions . 
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variations during this period of engine hum are caused hy 
stabilization of the engine and by stage perturbations, 
including the effects of variations in propellant supply 
environmental conditions. 

b. Thrust variations during the transient period from olosed loop 
PU vailve cutback +T5 sec to open loop PU valve cutback were 
within the CEI limits for normal engine- operation. The thrust 
variations during this period were caused by stabilization of 
the engine after cutback and can be directly linked to move- 
ments of the PU valve. Data derived from the acceptance firing 
will aid in the flight calibration of the PU system in order to 
more accurately predict the thrust variation dinring this cut- 
back transient. 

c. Thrust variations were also examined during the periods or 
J|. 5/1.0 EMR and 5. 0/1.0 EMB open loop operation. Since the 
PU valve was in a fixed position during these intervals, the 
thrust variations dtiring these times were compared to. the 
required limits during full closed PU valve operation. These 
variations were also within CEI limits. 


6.3.3 Cutoff Transient 


The time lapse between engine cutoff, as received at the J-2 engine, and 
thrust decrease to 11,500 Ibf was within the maximum allowable time of 
800 ms for the acceptance firing as shown in the following table: 


Acceptance 

Parameter Firing Log Book 


Time of thrust decrease to 11,500 Ibf (ms) 

)i99 

339 

Measured total impulse ( Ibf-sec) 

36 , 615 * 

3H,105 

Total impulse corrected to null (-2.0 deg) 
PU valve position (ibf-sec) 

3T,223 

3 h ,105 

Total impulse corrected to 0 deg F oxidizer 

** 

35,185 


valve skin temperature (ibf-sec) 

'*PU valve at -1.29 deg 

**Valve skin temperature data not available 


The thrust decay time for the acceptance firing was greater than the log 
book value, and the cutoff total Impulse was correspondingly higher than 
the log book value. For this firing, the total impulse wns corrected to 
null PU valve position so that a direct comparison could be made to the 
l.og hoot value, it was not possible to accurately correct to 0 deg K LOX 
valve skill tomijeratiu-t' since Ui(< meaiiiua'inent was not a,vu i I ab 1 1 * ; liowcvor, 
this correction wouid be approx I mutely -)|,50U 3h-soc for an uccc])tan<’c 
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test since the MOV temperature should he about 355 deg R. Based on this 
assumption, the corrected total impulse would be within 2,500 Ibf-sec of 
the log book value. Figure 6-l8 presents the data for the thrust chamber 
pressure cutoff transient, the accumulated cutoff impulse, and the cutoff 
thrust to the 11,500 Ibf level. 

6.U Engine Sequencing 

The engine seq^uencing was satisfactory throughout the acceptance firing 
and compatible with the engine logic and the acceptance firing test 
plan. However, as in past acceptance tests, the sequence times differ in 
many respects from the values quoted in the log book. 

Most of the disagreements between measured and log book values are 
insignificant and may be ascribed to sampling rate errors or to the 
effects of the liquids that are present during the acceptance firing but 
absent during log book testing. Almost all event times were obtained 
from the hardwire because the sampling rate was better than for TM. 

Figure 6-19 presents the engine start sequence for the acceptance firing; 
table 6-8 presents the time of significant events dioring the firing and 
compares them with the nominal values, 

6.5 Component Operation 

6.5.1 Main LOX Valve 

The main LOX valve opened satisfactorily during the acceptance firing. 

The opening time data are as follows : 


Item 

Ambient Dry 
Specification 

Acceptanci 

Firing 

First stage travel (ms) 

50 ±25 

55 

First plateau (ms) 

510 +70 

516 

Second stage travel (ms) 

1,825 ±T5 

1,917 

Total time (ms) 

2,385 ±170 

2,488 
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The above valve opening times were within specifications for the accep- 
tance test. The valve closing time was 18T ms which is approximately 52 ms 
longer than the ambient specifications; however, this did not contribute to 
any significant reduction in cutoff transient performance. This closure 
time was in the range established by the previous acceptance firings. 

6.5.2 PU Valve 

At engine start command, the PU valve was at -1.8U deg (null) which was 
within the -2 ±2 deg limit. PU activation occurred at ESC +6.166 sec. 

The PU valve went to the high EMB position where it remained until PU 
cutback at ESC +I96 sec as shown in figure 6-12. The engine mixture ratio 
(EMR) was properly controlled to the required reference of 5. 0/1.0 fol- 
lowing cutback. 

Also the PU valve went to the full open position when commanded to do so 
during the open loop portion of the test. When the full open command was 
removed the valve returned to near null position. 

However the PU valve operation was not entirely, satisfactory. The valve 
motion was irregular, and the valve appeared to be binding during closed 
loop cutback and active PU control (figure 6-13). Also when the full open 
command was removed the valve returned to -1.3 deg (approximately 0.5 deg 
from its prestart null position). 

Following the test the PU valve was removed and tested per ECP 666. The 
valve failed the test. Approximately 30 volts were required to move the 
valve instead of the nominal I5 volts. As a result of this test, the PU 
valve was replaced. 

6.5.3 LH2 Pump 

Pimip performance was normal throughout the test. The stall margin as 
indicated by the characteristic head versus flow curve in figure 6-3 was 
normal. The pump also performed satisfactorily during raainstage and 
responded characteristically to PU system cutback and excursions. Main- 
stage pressure and speed data are presented in figure 6-10. 
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6.5.^^ LOX Pump 


LOX pump performance was satisfactory. LOX pimp speed and discharge pres- 
sure and temperature responded to PU system cutback and excursions and 
also to engine inlet conditions. The pressure and temperature increases 
across the pump were satisfactory. Performance profiles indicative of the 
pump operation are shown in figure 6-10. 

6 . 5.5 Turbines 

Performance of both LHP and LOX turbines was satisfactory. Temperatures 
and pressures for both turbines responded as expected to PU system cut- 
back and excursions. Pressure and temperatirre drops across the turbines 
were nominal. Performance profiles are presented in figure 6-10. 

6 . 5.6 Gas Generator 

The gas generator (GG') performance was adequate. The GG chamber pressure 
and LHP turbine inlet temperature indicated nominal values before and after 
EMR cutback. The performance shift discussed in paragraph 6.3.2 was also 
apparent in the GG chamber pressure data and was probably caused by changes 
in the LOX bootstrap line resistance. Plots of GG performance are shown 
in figures 6-10 and 6-20. 

6 . 5.7 Engine-Driven Hydraulic Pump 
^ - - 

The engine-driven hydraulic pump performed satisfactorily during the 
acceptance firing. The required horsepower at 60 sec after engine start 
was 5 . 36 . 

6.6 Engine Vibration 

There were five vibration measurements monitored on the engine during the 
firing. Three were located on the chamber dome, one at the LOX turbopump 
and one at the LHP turbopump. The data from these measurements are shown 
in figures 6-21 and 6-22. The vibration amplitudes were in agreement to 
those measured during past acceptance firings. 
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TABLE 6-1 


THRUST CHAMBER CHILL^OWN DATA 


Parameter 

S-IVB-508 

S-IVB-507 

S-IVB-506N 

S-IVB-505N 

Thrust chamber chilldown initiated (sec 
from simulated liftoff) 

-A07.938 

-407.942 

-408.537 

-405.356 

Thrust chamber chilldown terminated (sec 
from simulated liftoff) 

488.793 

488.808 

488.474 

488.288 ■ 

Thrust chamber temperature 





Required at engine start command (deg R) 

235 i75 

235 l75 

235 175 

260 +50 

At engine start command (deg R) 

267 

221 

237 

247 

I At end of chilldown (deg R) 

255 

213 

228 

244 


TABLE 6-2 , 

ENGINE START SPHERE PERFORMANCE DATA 


Parameter 

Temperature (°R) 

Pressure (? 

3sia) 

Mass (Ibm) 

508 . 507 


508 

507 

m^m 

508 

507 

506N 

Engine start requirement 
Engine start command 
After start sphere blowdown 
Engine cutoff command 
Total GH2 usage during start 

See start region 
Figure 6-5 

See start region 
Figure 6-5 

3.53 
0.63 
■ 4.09 
2.90 

3.50 

0.77 

4.22 

2.73 

3.42 

0.54 

3.97 

2,88 

196 

246 

188 
233 ■ 

194 

247 

157 

1,354 

^^1 
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TABLE 6-3 


ENGINE CONTROL SPHERE PERFORMANCE DATA 


Parameter 

S-IVB-508 

S-IV3-507 

S-IVB-5O6N 

S-IVB-503N 

Temperature 

Required at engine start command (deg R) 

n/a 

277 ±30 

287 1?0 

291 +20 

At engine start command (deg R) 


292 

290 

298 

297 

At engine cutoff command (deg R) 


273 

246 

252 

262 

Pressure 






Required at engine start command (psia) 

2,800 

to 

3,450 

2,800 

to 

3,450 

2,800 

to 

3,450 

2,975 1475 

At engine start command (psia) 


3,048 

2,974 

2,933* 

3,082 

At engine cutoff command (psia) 


2,825 

1,922 

1,987* 

2,161 

Mass 






At engine start command (Ibm) 



1.88 

1.81 

1.89 

After engine cutoff command (Ibm) 



1.46 

1.43 

1.54 

Total helium usage (Ibra) 


an- 

0.42 

0.38' 

0.35 


N/A Not applicable 

* Pressures are lower than usual because of low GSE regulator setting. 

Engine control sphere helium mass at any time is insignificant because it is tieH into, the LOX 
.and LH2 tank ambient repressurization spheres. 
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TABLE 6-k 

COMPAEISOW OF COMPUTER PROGRAM RESULTS 




PROGRAM 

INPUT 

METHOD 

RESULTS 

(at ESC +60 sec) 

G105 
Mode 3 

LOX and LHg flowmeters , pump 
discharge pressures and tempera- 
tures , chamber pressures , 
chamber thrust area 

This program is used only for pro- 
pellant consumption. Flowrates are 
computed from flowmeter data and 
propellant densities. Mass con- 
sumptions are obtained by inte- 
grating the flowrates . 

= 537,1 Ibm/sec 
Wlox = ^55,3 Ibm/sec 

W,.„ =81.8 Ibm/sec 

Lii^ 

PA53 

Thrust chamber pressure , ' 
chamber throat area 

The Cp is computed from equation 
C„ = f (P ) and thrust is com- 

r C 

puted from equation F = A^ P^. 

Refer to paragraph 

6.3.3. 



The impulse is determined from 
integrated thrust. 


PA63 

Pump inlet and outlet con- 
ditions, PU valve position, 
chamber pressiare, turbine 
inlet and outlet conditions, 
flowmeter speed 

Math models of rocket engine com- 
ponents are linked together by 
program which iterates among the 
component models until an operating 
point is reached where the power 
required by the pumps "balances" 
the power available from the 
turbines . 

F = 226,892 Ibf 

= 537-6 Ibm/sec 

I = 422.0 

sp 

MR = 5.57 
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TABLE 6-5 (Sheet 1 of 2) 


DATA INPUTS TO COMPUTER PROGRAMS 


PARAMETER 

PROGRAM 

— 

SELECTION 

REASON 

BIAS 

REASON 

Chsimber Press 

G-105 

PA63 

PA53 

DOOOl 

Close agreement between 
(R/W) ana (T/M) 

-10.0 

-15 psi bias for P purge 
effect 

+5 psi bias to obtain rated 
ISP 

LH2 Pump Dis- 
charge Press 

G-105-1 

PA63 

DOOO8 (T/M) 

Close agreement between 
(H/W) and (T/M) 

0 


LHg Pump Dis- 
charge 
Temperature 

G-105-1 

PA63 

COI3U (T/M) 

Close agreement between 
(H/W) and (T/M) 

, 0 


LOX Pump Dis- 
charge Pressure 

G-105-1 

PA63 

DOOO9 (t/m) 

Close agreement between 
(H/W) and (T/M) 

0 


LOX Pump Dis- 
charge 
Temperature 

G-105-1 

PA63 

C0133 (T/M) 

Close agreement between 
(H/W) and (T/M) 

0 


LOX Flowrate 

' G-105-1 
pa63 

FOOOl (T/M) 

Close agreement between 
(H/W) and (T/M) 

-2.04 gpm 

Agree with actual pip count 

LH2 Flowrate 

G-105-1 

PA63 

F0002 (T/M) 

Close agreement between 
(H/W) and (T/M) 

-62.79 gpm 

Agree with actual pip count 

LHg Pump Inlet 
Pressure 

PA63 

D0002 (T/M) 

Close agreement between 
(H/W) and (T/M) 

+0.2 psi 

Compare to ullage pressure 
prior to flow 

LH2 Pump Inlet 
Temperature 

PA63 

C0003 (T/M) 

Close agreement between 
(H/W) and (T/M) 

+0.2 psi 

Agree with saturation tempera- 
ture prior to flow 
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TABLE 6-5 (Sheet 2 of 2) 

DATA INPUTS TO COMPUTER PROGRAMS 


PARAMETER 

PROGRAM 

SELECTION 

REASON . 

BIAS 

REASON 

LOX Pump Inlet 
Pressure 

PA63 

D0003 

Close agreement between 
(H/W) and (T/M) 

-0.4 psi 

Compare to ullage pressure 
prior to flow 

LOX Pump Inlet 
Temperature 

PA63 

C0004 (t/m) 

Close agreement between 
(H/W). and (T/M) 

0 


PU Valve 
Position 

PA63 

GOOlO (T/M) 

Close agreement between 
(H/W) and (T/M) 

0 
























PARAMETER 


Thrust (ihf) 


Total Flowrate 
( Ihra/sec) 


LOX Flowrate 
( Ihm/sec) 

LHg Flowrate 
( Ihm/sec ) 

Engine Mixture 
Ratio 


Specific Impulse 


CLOSED PU VALVE REFEREiTCE MIXTURE RATIO OVERALL PERFORMANCE 

OPERATION OPERATION 90^ TO ECC 

ACTUAL PREDICTED '% DEV ACTUAL PREDICTED % DEV ACTUAL PREDICTED % DEV 

227,037 228,004 ■ 0.4 200,545 203,248 1.3 210,793 210,092 -0.3 

535.68 -538.93 0.7 470.38 477-23 1.5 495-63 494.64 -0.2 

453.44 456.52 0.7 391.12 397-57 1.6 , 4l5.4l 4l4.49 - 0.2 

82.24 82.41 0.2 • 79.27 79.66 0.5 80'.23 80.15 - 0.1 


5.514 5.539 0.5 4 . 934 , • 4.991 1.1 5.165 5.158- - 0 . 1 - 

423.83 423.06 -0.2 426.34 425.89 -0.1 425.44 424. 93_ -O.l 
























PARAMETER 


OPEN PU 

VALVE OPERATION 
(OPEN-LOOP PU) 


NULL PU 

VALVE OPERATION 
(OPEN-LOOP PU) 



ACTUAL 

PREDICTED 

% DEV 

ACTUAL 

PREDICTED 

% DEV 

Thrust (ibf) 

170,864 

171,508 

0.4 

199,536 

200,504 

0,5 

Total Flowrate 
(ibm/sec ) 

397.41 

400.25 

0.7 

469.37 

470.96 

0.3 

LOX Flowrate 
(ibni/sec ) 

322.40 

325.48 

0.9 

391.18 

392.27 

0.3 

LHg Flowrate 
(ibm/sec ) 

75.01 

74.77 

-0.3 

78.13 

78.70 

0.7 

Engine Mixture 
Ratio 

4.298 

4.353 

1.3 

5.003 

4.985 

-0.4 

Specific Impulse 
(sec ) 

429.95 

428.50 

-0.3 

425.12 

425.73 

0.1 















TABLE 6-T 


ENGINE THRUST VARIATIONS 


Parameter 

Limits 

Time Period 

Hardover 
Operation 
(5. 5/1.0 EMR) 

Transient From 
PU Vlv Cutback 
(Closed Loop) 
+75 Sec to PU 
Cutback (Open 
Loop) 

Hardunder 
Operation 
( 4 . 5/1.0 EMR) 

Null 

Operation 
(5. 0/1.0 EMR) 

Variation in Mean 
Thrust Level . 
(predicted Minus 
Actual) (ibf) 

Allowable 

Actual 

Predicted 

Aooo 
+1063 . 

+8000 

+1685 

+ 4 ooo 

+650 

+4000 

+905 





Oscillations About 
Mean Thrust Level 
(Ibf) 

Allowable 

Actual 

Predicted 

j:2500 

j^868 

+650 

+7500 
+^2165 ■ 
+l 4 oo 

+2500 

V665 

+150 

+2500 

+625 

+250 

Rate of Change of 

Allowable 

+5,00 

+500 

+500 

+500 

Thrust (ibf /sec) 

Actual 

-182 

+ 46 o 

+103 

+94 


Predicted 

+100 

+100 

+100 

+100 , 

Thrust Acceleration 

Allowable 

+125 

+500 

+125 

+125 

(ibf /sec/sec) • 

Actual 

, +48 

-152 

+25 

-6 


Predicted 

• - — 1 
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TABLE 6-8 (Sheet 1 of 6) 
ENGINE SEQUENCE 


CONTROL EVENTS 

CONTINGENT EVENTS 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

ACTUAL TIME 
(MS) 

MEAS. 

NO. 

EVENT AND COiMMENT 

MEAS. 

NO. 

EVENT AND COMMENT 

FROM 

ESC 

FROM 

SPECIFIED 

REFERENCE 

K0021 

(K 0021 ) 

^Engine Start Command P/U 



0 

0 




KOOOT 

(K0531) 

Helium Control 
Solenoid Enrg P/U 

Within 10 ms of K0021 

002 

002 



KOOlO 

(K0lt5ii) 

Thrust Chamber Spark 
on P/U 

Within 10 ms of K0021 

001 

001 



KOOll 

(KOii55) 

Gas Generator Spark 
on P/U 

Within 10 ms of K0021 

001 

001 



K0006 

(K0535) 

Ignition Phase Control 
Solenoid Enrg P/U 

Within 20 ms of K0021 

001 

001 



K0012 

(K0530) 

Engine Ready D/0 

Within 20 ms of KOOO 6 

004 

003 



K0126 

(K0558) 

LOX Bleed Valve Closed 
P/U 

Within 200 ms of KOOOT 

150 

148 



K012T 

(K055T) 

LH2 Bleed Valve Closed 
P/U 

Within 200 ms of KOOO? 

117 

•115 



K0020 

(KO 627 ) 

ASI LOX Valve Open P/U 

Within 20 ms of KOOO 6 

065 

064 


(KOXXX) Actual number from acceptance firing event recorder. 

*Engine ready and stage separation signals (or simulation) are required before this command will be 
executed. 


P/U - Pickup 
D/0 - Dropout 




TABLE 6~8 (Sheet 2 of 6 ) 
ENGINE SEQUENCE 


CONTROL EVENTS 

CONTINGENT EVENTS 

NOMINAL TIME. FROM 
SPECIFIED REFERENCE 

ACTUAL TIME 
(MS) 

MEAS. 

NO. 

EVENT AND COMMENT 

MEAS. 

NO. 

EVENT AND COMMENT 

FROM 

ESC 

FROM 

SPECIFIED 

REFERENCE 



K0119 

(G506) 

Main Fuel Valve Closed 
D/O 

60 +30 ms from K 0006 

049. 

050 



K0118 

(G506) 

Main Fuel Valve Open 
P/U 

110 +60 ms from K0119 

a 6 i 

112 

K0008 

(K0537) 

*Ignition Detected 

- 


Within 250 ms of K0021 
P/U 

273 

• 273 

K0021 

(K0021) 

**Engine Start 
D/O 



Approx 200 ms from 
K0021 P/U 

.1338 

1338 

K 0096 

(K0536) 

»* ** *** Start Tank Disc 

Control Solenoid Enrg 



1 , 000 '+50 ms from 
K0021 P/U 

1134 

1134 



K0123 

(G508) 

Start Tank Disc Valve 
Closed D/O 

100 +20 ms from 
KOO 96 

1247' 

113 



K0122 

(G508) 

Start Tank Disc Valve 
Open P/U 

105 +20 ms from 
K0123 

1354 

107 

K0005 

(K0538) 

Mainstage Control 
Solenoid Enrg 



450 +30 ms from 
KOO 96 

1586 

452 


*This signal must be received within 1,110 +60 ms of K0021 P/U or cutoff will be inititated. 

**This signal drops out after a time sufficient , to lockin the engine electrical. 

***An indication of fuel injection temperature of -150 +4o deg F (or simulation) is required before this 
command will be executed. This command also actuates a ^5P +30 ms timer which controls the start of 
mainstage. - ’ ■ ' 

P/U - Pickup 

D/O - Dropout 
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TABLE 6-S (Sheet 3 of 6) 
ENGINE SEQUENCE 


CONTROL EVENTS 

— _ 

COKTINGMT EVENTS 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

ACTUAL TIME 
(MS) 

MEAS. 

NO. 

EVENT AND COMMENT 

MEAS. 

NO. 

EVENT AND COMMENT 

FROM 

ESC 

FROM 

SPECIFIED 

REFERENCE 




Start Tank Disc 
Control Solenoid Enrg 
D/O 

i>50 +30 ms from KOO 96 

1586 

452 

• 



Main LOX Valve Closed 
D/0 

50 +20 ms from KOOO 5 

1629 

043 




Gas Generator Valve 
Closed D/0 

ll+O +10 ms from K0005 

1685 

099 



K0122 

(G508) 

Start Tank Disc Valve 
Open D/0 

95 +20 "ms from KOO 96 

1704 

118 




Gas Generator Valve 
Open P/U 

50 +30 ms from KOII 6 • 

l8l4 

129 



K012l| 

(0510) 

LOX Turhine Bypass 
Valve Open D/O 


1789 





LOX Turhin'e Bypass 
Valve 80^ Closed 

UOO ms from K0122 

-50 

2035 

331 




Start Tank Disc Valve 
Closed P/U 

250 +40 ms from K0122 

1962 

258 



K0125 
. (0510) 

*L0X Turhine Bypass 
Valve Closed P/U 


2101 


liaSSSI 

Mainstage Press Switch 
#1 Depress D/0 




3222 

— 



*¥ithin ^.OOO ms of K0005 (Normally = 500 ms) 


P/U - Pickup 
D/0 - Dropout 
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TABLE 6-8 (Sheet U of 6) 


ENGINE SEQUENCE 


CONTROL EVRNTS 

CONTINGENT EVENTS 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

ACTUAL TIME 
(MS) 

MEAS. 

NO. 

EVENT AND COMNiENT 

MEAS. 

NO. 

EVENT AND COMMENT 

FROM 

ESC 

FROM 

SPECIFIED 

REFERENCE 

K0159 

Mainstage Press Switch 
§2 Depress D/0 



■■ 

3256 


K0191 

(K06l0) 

*Mainstage OK 




3221 

• 



K0120 

(G507) 

Main LOX Valve Open 
P/U 

2,435 ±145 ms from 
K0005- ~ 

4117 

2488 



KOOIO 

(K0454) 

Thrust Chamber Spark 
on D/O 

3,300 +200 ms from 
K0005 P/U^ 

4887 

3301 



KOOll 

(K0455) 

Gas Generator Spark On 
D/0 

3,300 +200 ms from 
K0005 P/U 

4887 

3301 

K050T 

CSS-22 

PU Activate Switch P/U 




6l66 





• 



• 


*One of these signals must be received within 4,4lO +260 ms from K0021 P/U, or cutoff will be initiated. 
Signal occurs when LOX injection pressure is 500 +30 psig. 

P/U - Pickup 

D/0 - Dropout 
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TABLE 6-8 (Sheet 5 of 6) 


ENGINE SEQUENCE 


CONTROL EVENTS 

CONTINGENT EVENTS 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

ACTUAL TIME 
(MS) 

MEAS. 

NO. 

EVENT AND COMMENT 

MEAS. 

NO. 

EVENT AND COMMENT 

FROM 

ECC 

FROM 

SPECIFIED 

REFERENCE 

K0013 

(K0522) 

Engine Cutoff PU 
(New time reference) 



0 

0 

0 



K0005 

(K0538) 

Mainstage Control 
Solenoid Enrg D/0 

Within 10 ms of K0013 

0 

0 



K 0006 

(K0535) 

Ignition Phase Control 
Solenoid Enrg D/0 

Within 10 ms of K0013 

-002 

-002 



K0020 

(K0622) 

ASI LOX Valve Open D/0 


016 




K0120 

(G50T) 

Main Oxidizer Valve 
Open D/0 

50 +15 ms from K0005 

061 

061 



KOllT 

(G509) 

Gas Generator Valve 
Open D/0 

75 '*'25 ms from KOOO 6 

007 

009 



K0118 

(G506) 

Main Fuel Valve Open 
D/0 

90 +25 ms from KOOO 6 

078 

080 



K0121 

(G507) 

Main Oxidizer Valve 
Closed P/U 

120 +15 ms from K0120 

248 

187 



K 0116 

(G509) 

Gas Generator Valve 
Closed P/U 

500 ms from KOOO 6 

219 

221 



K0119 

(G5o6) 

Main Fuel Valve Closed 
P/U 

225 +25 ms from KOI 18 

338 

260 


P/U - Pickup 
D/0 - Dropout 
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table 6-8 {Sheet 6 of 6) 
ENGINE SEQUENCE 


CONTROL EVENTS 

CpIITINGEIir EVENTS 

NOMINAL TIMS FROM 

ACT 

UAL TIME 
(MS)’ 

MEAS. 

NO. 

EVENT AND COMMENT 

M 

EVENT AND COMMENT 

SPEOIEIED RlDa?EKEHCE 

FROM 

ECC 

FROM 

SPECIFIED 

REFBREHCB 


Hlainstage Press S-vritch 
A Depress P/U 




181 


K0159 

(K0573) 

Mainstage Press Svitch 
B Depress P/U 




ITS 


nwralCSIl 

Mainstage OK D/0 



* 

182 


HI 

Heliuin Control Solenoid 
Enrg D/O 



IjOOO +110 ms frojn 
K0013 

990 

990 

SS-22 

KO5OT 

PU Activate Switch D/O 



»T/A 

■ 




K0125 

(0510) . 

Oxidizer Turbine 
Bypass Valve Closed 
. D/O 






K0124 

(G510) 

Oxidizer Turbine 
Bypass Valve Open P/U 

10,000 ms from K0005 

TI9 

TI9 

K0126 

(K055S) 

LOX Bleed Valve 
Closed D/O 



30,000 ms from KOOO5 



K012T 

(K055T) 

LE2 Bleed Valve Closed 
D/O 



30,000 ms from K0005 

8219 

8219 


^Signal drops out »/rhen pressure reaches ^25 ±25 psig. 
P/U - Pickup 
D/O - Dropout 
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START TANK TEMPERATURE AT STDV CONTROL SIGNAL +60 SEC (®R) 



START TANK TEMPERATURE* AT ESC (°R) 

*CORRECTED TO ZERO DIFFERENTIAL WITH RESPECT 
TO HELIUM TANK TEMPERATURE 

Figure 6-7. S-IVB-50S Restart Capability 
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NOIJ-I sod 
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C'looc? 



time from £N<F-}N'd STAR'T CoMMAMD' \'>ad) 
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PRESSURE (PSIA) THRUST (1000 LBF) IMPULSE ( LBF-SEC) 


«««««. 




TIME FROM ENGINE CUTOFF COMHANOCSEC) 


Figure 6-1& Engine Cutoff Transient Characteristics 


6 -' 



EVENTS 


IGNITION PHASE 
ENGINE START COMMAND P/U 
HELIUM CONTROL SOLENOID ENERGIZE P/U 
THRUST CHAMBER SPARK ON P/U 
GAS GENERATOR SPARK ON F/U 
IGNITION PHASE CWVT SOLENOJO ENERG- P/U 
AST lOX VALVE OPEN P/U 
LOX BLEED VALVE CLOSED P/U 
LHZ BLEED VALVE CLOSED P/U 
MAIN FUEL VALVE CLOSEC D/0 
MAIN FUEL VALVE OPEN P/U 
ENGINE START COMMAND D/0 
PUMP SPIN PMASE 

START TANK DI5CH CONT SOLENOID EfKRG P/U 
START TANK DISCHARGE VALVE aOS£B 0/0 
START TANK DISCHARGE VALVE OPEN P/U 
KAINSTA6E PHASE 

MAINSTAGE CONTROL SOLENOID ENERGIZE P/U 
START TANK DISCH CONT SOLENOID ENERG D/0 
MAIN LOX VALVE CLOSED D/0 
GAS GENERATOR VALVE CLOSED D/0 
START TANK DISCHARGE VALVE OPEN D/0 
GAS GENERATOR VALVE OPEN P/U 
LOX turbine bypass VALVE OPEN D/0 
START TANK DISCHARGE VALVE CLOSED P/U 
LOX TURBINE BYPASS VALVE CLOSED P/U 
MAINSTAGE PRESS. SWITCH HO. 1 PRESS. P/U 
MAIHSTAGE PRESS. SWITCH NO. Z PRESS. P/U 
MAIN LOX VALVE OPEN P/U 
THRUST CHAMBER SPARK ON D/0 
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Figure 6-21. Engine Turbopunip Vibration 
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Figure 6-22. Engine' Chamber Dome Vibration 
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OXIDIZER SYSTEM 


7. OXIDIZER SYSTEM 


The oxidizer system functioned, adequately, supplying LOX to the engine 
pump inlet within the specified limits . The net positive suction pres- 
sure (NPSP) available at the LOX pump inlet exceeded the engine manu- 
facturer's minimum requirement at all times- 

7-1 Pressurization Control 

The LOX tank pressurization system (figure 3-1) satisfactorily main- 
tained pressure in the LOX tank throughout the acceptance I'iring, and 
all portions of the system performed within the design requirements. 

7-1.1 Prepressurization 

LOX tank prepressurization and the pressure makeup cycle before simulated 
liftoff (SLO) were accomplished from ground support equipment (GSE) cold 
helium supply (figure 7-l) - The LOX tank pressure increased from •39-0 
psia to k2.0 psia due to an ullage voliirae decrease (caused by the common 
bulkhead depression and stage geometric changes that occur during LH? 
tank prepressurization) and to the helium purges of the vent valve and 
the LOX tank ullage pressure’ sensing line. 

In the course of simulated boost, the village pressure decayed to 38. k 
psia. This pressure decay was caused by cooling ullage gas which resulted 
from heat transfer with the colder common bulkhead. 

Significant LOX tank prepressurization data are compared with that from 
two previous acceptance firings in table 7-1* 

7.1.2 Pressurization 

The LOX tank pressurization system performance was satisfactory during 
engine operation (figure 7-2)’ and compared reasonably well with that 
from prevrious stages. 

The modified LOX tank pressurization sequence utilized during the 506N 
and 507 acceptance tests was also used for the 508 test. The cold helium 
shutoff valves were opened at ESC -2.4 seconds, increasing the ullage 
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pressure from 38.4 to 42.0 psia by engine start command. During this 
2.4-second period, 0.5 Ibm of helium was added to the LOX tank ullage. 

The heat exchanger control valve was programmed to the open position 
during cold helium lead and during the first 21 seconds after engine 
start canmand. The resulting higher initial flowrate completely 
eliminated the tendency for LOX tank ullage pressure dip. Followihg the 
enabling of the heat exchanger control valve, overcontrol flow was 
required seven times to maintain the ullage pressure within the reinge of 

38.3 to 40.0 psia during the firing. 

The S-IVB-508 stage LOX tank pressurization system data are compared with 
that from the S-IVB-506W and 50? acceptance firings in table 7-2. 

7.1.3 02-H2 Burner Repressurization 

LOX tank repressiirization was performed during a test utilizing the 02-H2 
burner and pressurant helium from the cold helium spheres . The tank was 
filled to a nominal second start level and prepressurized to 34.5 psia to 
simulate the btirner inlet conditions expected during burner start and sub- 
sequent repressurization. The tank conditions are shown in figure 7-3; 
significant data are compared to that from previous firings in table 7-3. 
Data are also presented in section 10. 

Burner start was followed by a short lag before the initiation of LOX tank 
repressurization in order to provide higher burner chamber pressure (and 
improved combustion stability) during the start transient. 

7.1.4 Ambient Eepressurization 

After btirner repressurization, the ambient repressurization test was per- 
formed. The LOX tank was loaded to approximately 68 percent to simulate 
the load expected during orbital restart. The test data are presented 
in figure 7-^» 

The ambient repressurization system performance during the S-IVB-508 
acceptance test is compared with that during the 508 lT and 507 acceptance 
tests in table 7-3. The value for helium usage shown in this table 
includes the flow through the pilot bleed port of the helium shutoff 


7-2 



valves. This pilot "bleed flow, which amounts to a"bout 6^ of the total 
usage, is dumped overboard by venting directly from the ambient repres- 
surization module. 

7.2 Cold Helium Supply 

The cold helittm spheres were the source of the pressurant for both pro- 
pellant tanks during 02-H2 burner operation and for the LOX tank during 
J-2 engine operation. 

The system performance during the 02-H2 burner firing is discussed in 
paragraph 10 . . 

During J-2 engine operation, demands on the cold helium system were 
normal and adequately met. The sphere pressure (2,845 psia) at engine 
start command was well within the start requirement of 2,600 + 6 OO psia. 
Since cold heliimi sphere pressure transducers (DOOI 6 and D0248) were not 
on the stage, the cold helium manifold pressures (D0261 and DO 263 ) were 
used for system evaluation. Data are presented in figure 7-5 and table 7-^ 

7.3 J-2 Heat Exchanger 

The J-2 heat exchanger functioned satisfactorily (figure 7-6). The heat 
exchanger pressures, teirperatures , helium flowrates, and heat input rate 
are consistent with past experience. The LOX vent inlet pressure and 
the LOX tank diffuser temperature were comparable to previous test data. 
Table 7-5 compares significant 508 acceptance data with that from two 
previous acceptance firings. 

7 .^ LOX pump Chilldown 

The LOX pump chilldown system performance was adequate. At engine start 
command, the NPSP at the LOX pump inlet was above the minimiim 11.9 psi 
required at that time. The results of the chilldown performance calcula- 
tions are presented in figures 7-7 and 7-8; significant chilldown system 
data are compared with 506 N and 507 data in table 7-6. 
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The chilldown pump was started at SLO *-288.7 seconds in order to simulate 
conditions during the flight countdown. The chilldown shutoff valve was 
left open Tmtil ESC +Ull seconds. 

For the calctilation of heat input to the LOX chilldown system, the 
normal reference temperature for section 1 (tank to engine pump inlet) 
is the chilldown pump discharge temperature (C0l63). This assumes no 
heat input from the tank to the chilldown pump outlet. Since COI 63 was 
not insta l led on 508, the LOX hulk temperature (COOitO) was used with a 
bias for constructing the chilldown pump discharge temperature. 

7.5 Engine LOX Supply 

The LOX supply system (figure 3-1) delivered the necessary quantity of 
LOX to the engine pump inlet throughout the engine firing and maintained 
the pressure and temperature conditions within a range that provided a 
LOX pump NPSP above the minimum requirements . The data and the calcu- 
lated performance are presented in figure 7-9 and are compared with that 
from two previous acceptance firings in table 7-7* 

During engine operation, the LOX pump inlet pressure and temperature 
were near the predicted values . Both were plotted in the engine LOX 
pump operating region (figure 7-10) and showed. that the LOX piirnp inlet 
conditions were satisfactory throughout engine operation. 

In figiire 7-H, the LOX pump inlet temperature is plotted against the 
mass remaining in the tank during engine operation and compared to the 
506W and 507 acceptance firing data. The data used- for comparison have 
been biased to the LOX pump inlet temperature observed at engine start 
command of the S-IVB-508 acceptance firing to correct for instrumentation 
error, differences in heating during pressurization, and -other test-to- 
tes t variations. 
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TABLE 7-1 


LOX TANK PREPHESSURIZATION DATA 


Parameter 

S^IVB-508 

S-IVB-507 

S-IVB-506N 

P re pressurization duration (sec) 

10.4 

13.1 

10.5 

Number of makeup cycles before SLO 

1 

2 

1 

Number of makeup cycles after SLO 

0 

2 

. 2 

Prepressurization helium 




A.verage flowrate (ibm/sec) 

0.35 

0.31 

0.14 

Mass added to LOX tank during 
prepressurization«- (ibm) 

3.65 

4.11 

4.58 

Mass added to LOX tank during 
makeup cycles before SLO (ibm) 

'l.O 

2.0 

1.61 

Mass ar>aed to LOX tank during 
makeup cycles after SLO (ibm) 

0 

1.16 

0.59 

Ullage pressure 




At prepressurization 
initiation (psia) 

14.8 

15.1 

14.9 

At prepressurization 
tehiiination (psia) 

41.1 

41.0 

41.0 

At engine start command (psia) 

42.0 

42.6 

43.1 

Events (sec from SLO) 




Prepressurization initiation 

-163.76 ■ 

-163.88 

-364.38 

Prepressurization termination 

-153.41 

-150.83 

-153.91 

• Engine start command 

■511.693 

511.758 

511.378 


Does not include any makeup cycles . 
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TABLE 7-2 


LOX TANK PRESSURIZATION OATA 


Parameter 

S-IVB-50S 

S-IVB-507 

S-IVB-506N 

Number of overcontrol cycles* 

8 

7 

8 

Pressure control band 




Minimum (psia) 

3S.3 

38.2 

38.6 

Maximum (psia) 

40.0 

40.3 

40.5 

Ullage pressure 




At pressurization initiation (psia) 

38.4 

40.0 

39.4 

At engine start command (psia) 

42.0 

42.6 

43.1 

Minimum during start transient (psia) 

38.3 

38.3 

38.5 

At engine cutoff command (psia) 

40.6 

39.1 

39.6 

Total pressurant flowrate 




Over control (ibm/sec) 

0.34 

0.35 

0.32 


to 

to 

to 


0.44 

0.42 

.0.43 

Undercontrol (Ibm/sec) 

0.25 

0.24 

0.24 


to 

to 

to 


0,32 

0.31 

0.32 


^Includes the programmed overcontrol cycle during the start transient- 
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TABLE 7-3 


LOX TANK' REP RESSURI2ATION nATA 


Parameter 

S-IVB 

-508 

S-IVB-507 

S-IVB-506N 

Ambient 

Burner 

Ambient 

Burner 

Ambient 

Burner 

Repressurization duration (sec) 

S4 

171* 

75 

151* 

118 

20 1* 

Number of makeup cycles 

0 

0 

0 

0 

0 

0 

Re pressurization helium 







Usage^'5- (ibm) 

9.2 

3.6 

9.7 

3.8 

11.5 


Average flowrate (Ibm/sec) 

0.109 

0.021 

0.129 

0.0252 

0.0974 


Orifice effective area^^-JH(- (in.^) 

0.0088B 

0.00568 

0.00890 

0.00566 

0.00858 • 

0.00565 

Ullage pressure 







At repressurization initiation (psia) 

31.6 

34.5 

31.7 

33.7 

31.5 

3A.7 

At repressurization termination (psia) 

/(O.O 

37.9 

40 . 4 

36.5 

40.3 

38.6 

Rise rate (psi/min) 

6.00 

1.19 

6.96 

1.11 

4.47 

1.16 


’^oes not include the lag in repressurization initiation following burner start command. 

•{HJ These values include the flow through the pilot bleed ports of the helium shutoff valves. See 
paragraphs- 7.1.4 and 10.5 for further information. 

*•>“'!!■ Ooes not include the pilot bleed orifice effective area (0.00054 in.^). 
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COLD HELIUM SUPPLY DATA 


Parameter 

S-IVB-508 

S-IVB-507 

S-IVB-506N 

Pressure 




Simulated liftoi’f (psia) 

2,975 

2,993 

2,806 

Engine start command (psia) 

2,845 

2,838 

2,664^^ 

Engine cutoff command (psia) 

1,000 

1,050 

1,021 

Average temperature 




Simulated liftoff (deg R) 

40.0 

41.2 

41.6 

Engine start command (deg R) 

■ 39.3 

41.0 

40. 8«^ 

Engine cutoff command (deg R) 

44.1 

44.0 

43.8 

Helium mass 




Engine start command (Ibra) 

367 

368 

360^^ 

Engine cutoff command (Ibra) 

208 

216 

211 

Helium consumption 




Calculated from sphere 
cond it ions ( Ibm) 

159 

152 

149i}-K- 

Calculated from flowrate 
integration (Ibm) 

151 

141 

145’'”- 


* At ESC -2.4 seconds, when LOX tank pressurization was initiated. 
** Includes 2.4 seconds of flow prior to engine start command. 

*** Low because of cold helium leak. 
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TABLE 7-5 


J-2 HEAT EXCHANGER rjATA 


Parameter 

S-IVB-508 

S-IVB-507 

S-IVB-506N 

Flowrate through heat exchanger 




'during overcontrol (ibm/sec) 

0.21 

0.20 

0.20 

huring unrlercontrol (Ibm/sec) 

0.093 

0.090 

0.085 

Heat exchanger outlet temperature 




At enb of 50-sec transient (beg R) 

870 

930 

960 

. buring over control (deg R) 

880 

950 

980 

buring undercontrol (deg R) 

910 

970 

. 1,000 

At engine cutoff command (deg R) 

860 

950 

962 

Heat exchanger outlet pressure 




during overcontrol (psia) 

3A0 

3A0 

350 

buring undercontrol (psia) 

395 

395 

400 

Average LOX vent inlet pressure 




buring overcontrol (psia) 

62 

63 

62 

buring undercontrol (psia) 

48 

49 

48 
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TABLE 7-6 

LOX CHILLi^OWN SYSTEM Pp:RFOItMANCH ^ATA 


Parameter 

S-IVB-50^ 

S-lVB-507 


NPSP 




At engine start command (psi) 

32.8 

33.8 

■ 34.6 

Minimum required at start (psi) 

11.9 

1L.9 

11.6 

At opening of • prevalve (psi) 

33.9 

40.0 

39.7 

Pump inlet conditions 




Pressure at engine start command 
(psia) 

51.0 

51.1 

51.3 

Temperature at engine start 
command (deg R) 

164.7 

165.1 

164.5. 

Average flow coefficient (sec^/in^ft^) 

17.5 

17.2 

16.9 

Heat absorption rate (Btu/hr) 




Section 1 (tank to pump inlet) 

7,000 

' 10,500 

3,200 

Section 2 (pump inlet to bleed valve) 

16,000 

6,500 

14,500 

Section 3 (bleed valve to tsgik) 

6,000 

5,000 

1,800 

Total 

29,000 

22,000 

19,500 

Chilldown flowrate 




Unpressurized (gpm) 

40.0 

39.5 

39.4 

Pressurized (gpm) 

42,9 

41.2 

42.5 

Chilldown system pressure differential 




Unpressurized (gpm) 

10,0 

9.5 

9.8 

Pressurized (gpm) 

11.1 

10.4 

10.7 
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Table 7-6 (Continued) 


Parameter 

S-IVB-508 

S-IVB-507 

S-IVB-506H 

Events (sec from simulated liftoff) 




Chilldown initiation 

-288.7 

-288.6 

-289.4 

Prepressurization 

-163.7 

-163-9 

-164-4 

Prevalve open command 

507.7 

507.7 

507.4 

Prevalve closed sif.nal dropout 

508.5 

508.7 

508.6 

Prevaive open signal pickup 

509.8 

510.4 

5L0.2 

T^elay between prevaive open command 
and pickup of open signal 

2.14 

2.50 

2.78 

Engine start command 

511.7 

511.7 

511.4 

1 Chilldown shutoff valve closed 

922.2 

- 

922.1 

921.9 
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TABLE 7-7 


LOX PUMP INLET CONHITION BATA 


Parameter 

S-IVB-508 

S-IV3-507 

S-IVB-506N 

Pump inlet conditions 

1 

j 



Static pressure at eneine start 
command (psia) 

51.0 

51.1 

51.3 

TemperatiH'e at engine start 
command (deg R) 

164.7 

165.1 

164.5 

Temperature at engine cutoff 
command (deg R) 

166.4 

166.8 

166.3 

NPSP requirements at pump interface 




Minimum at engine start command (psi) 

11.9 

■ 11.9 1 

11.6 

At high EMR (psi) 

20.0 

20.0 

19.8 

After EMR cutback (psi) 

. 14.0 

14.0 

14.7 , 

NPSP available at pump interface 

i 

- 


At engine start command (psi) 

33.9 

33 -8 ‘ 

34.6 

Maximum during firing (psi) 

33.9 

33.8 

34.6 

Time of maximum (sec from engine 
start command) 

0 

0 

0 

Minimum during firing (psi) 

23.3 

19.0 

22.4 

Time of minimum (sec from engine 
start command ) 

460 • 

436 

448 

At engine cutoff command (psi) 

23.3 

19.0 

22.4 

LOX feed duct 




At high EMR 




Pressure drop (psi) 

2.0 

1.4 

2.0 

Flowrate (Ibm/sec) 

454 

465 

460 

After EMR cutback 

■ 



Pressure drop (psi) 

1.1 

0.9 

1.2 

Flowrate (ibm/sec) 

390 

422 

400 


7-12 








(fs/a) Flowrate (i^h/s£c) iEmEATm(°F) pmymfruA) 


LoX \rXA/F FKEFrFSSAt^F/E'^F/^. 


yfi/FF\ (<yfS£-z> 




DFM/iA/. 


LOX \tFaJ/c \pF£:rF'^SS6/F/ZAT/o// 


SXfFFlW rS'y)FF/?ATU. 


FFFPF^yPF/ZF 


'XOli/FATF fC/ALCadAl 




AAX/C Lf 


T/ME PFOM PAXE/FF. STAU COFiFAA/D {S6C) 


f/<FA/F£ 7 -/. LOX TAAX/C FPoFFSESA/R /ZAT/OAJ 




























. (ES/a) 



T/ME FEOM EA/6/A/E STAE7 CDMAlA/\JD (SEC) 


FIGFIF^ 7-Z. LOX TA/OK P/FFFSUF/:zAT/pAy 
EVSTFaI CSA/^pr / E>F z') 


7-14 




P^ESSa^E (ps/aJ flow pate (L8h/sPc) PPESSUes(PS/A) 


45 D 

■4 00 

350 

300 

250 

200 

0.500 

0.400 

0.300 

0.200 

0.100 

43.00 

42.00 

41.00 

40.00 

39.00 
39.00 


HEAT 



1 

m 

m 

9E 




1 


n 

1 

1 



1 

B 



'IH 

■ 


1 


D 

1 

1 

■ 

! 

1 




- 

■ 


B 






■ 







■ 



COLD H£ 

lJDM / 

_ ^ L 

ELO 

1 

U)PAT£ (c. 

n 

ULHLATa/ 



ImSIill 

IHI 

■ 

UBi 



■ 

|j|j|||| 

HH 




■ 







■ 




TA/Up a 

LLACe 77 




i 


FALO/AAE 


'' OPHA/FD ~ 

^ 


■ 

1 1 

L Jk. n - . 

.... A . 



H 

B 

Hi 

m 

P" 

BH 



■ 

WH 

B— 


I' 









37.00 


-100 


100 


200 


300 


400 


500 


77/7^ fPOM £WE>INa EJAPT COM PI J A/ S (CEC) 

F / c , wp £ 7-2 > LOK TAWP FPESEHP / ZAT / oaA 

SYSFFAI FFFFOFMAPCP • (EFEET 2 OE Z) 


7-15 














FRESS14R£(Pjja) rEFtPEFAWF£t‘P) 





LOX FAAJ/^ 

N 

£ MMFSZ 

Tl/M£ OOc 





£>F 




. 




<r 

-asmmessf 

TFMM/A/Fil 

M/ZAT/MAJ 

^£T> 









-100 0 100 200 JOO 400 500 


time from bURN£R START COMMA MD (S£c) 


F/C,UE£ 7-S. LOT TAMM £2-F2 BUMAJER FeFRFSSMMJFA7/OA/ 


7-16 

















- PRcWte£(FS/Aj ' T£mPo£‘/!TI'1^e ■ ■■ - 'FKESSaPE (FJ/A) 


LOX 

SP^e^ 


LOX \TA/VP 


SEP 


ozz<i) 


pEk ysA/r 


ss) 


30.0 

- 50.0 - 25.0 0.0 25.0 50.0 75 . 0 - 100.0 125.0 150.0 175.0 200.0 

7/ ME PPOM R£PPESSLiPI2AT/DA/ IM/T/ETlDlV (S£c) 

mFF£ 7-i. LdX 7AA//C APF/£Mr MEX/UFJ FEPFESSFAF/XPT/oaJ 

(SMEPr / (Oet z) 
















FLOW ^ ATE {LSM/S£Cj 


Lox 


c 3 «£ • 


(z>o/ 79 ) 


0.000 


- 50,0 - 85.0 0.0 25.0 50.0 75,0 100.0 135 . 0 150 .^ 175.0 300 . 

nmE FEOM Jf\/ITIATIOhJ (FCc) 

Fi6,aP£ 7--f, LOX TFWX: AA^F^JEaLT M£Lm X£7FesSLiP/7AT/AA/ 

(£££/' T E OF E) 










MASSCLBM) TEMpE^ftTUREC*^') PRESSURkCPS>lP.'> 


3000 



~riME FKm EfJ6iiNE .a.Tafcx_coA?mrt/vc> csec') 
FiaUFiE 7-5, C6ti> NELTl'Af $UPn>/, 


7-19 






HEAT /AJPUT 

(Sra/EEC) PTESSi/^£(FSM) rEMPERmFE(^p) Te/iFTTATHPE (^p) 


J-2 HEAT\£.ycHAH^Y/F 

TEPfPEFA ; (cO. VSTEHCE. 


J-2 HE^ E/CHAF&EE OO/TEJET TE/iEETEPr^PE 



T-z //Ehr EXCHA^^EE oeViee 0p/A>/) 



JZ HEAT ERCEAHT^EE 
HEAT / VEHT (CAICM LA T£p) 



TIhE fPOM EPi^/AJE 5 TAFT COAf/iAHD (EEC) 

r/E^URE 7“i, J'2 heat EXCHAH^ER PEREEXHAHCE 

(SHEET / OE Z) 








(PS//)) T£/iP£PAmp£ (^p>) fS0UPPT£(LS/H/s£6) 


H£PT\ £XC£/)A/. 


li 


W PIPU/P 


' lOX rA££ /M/BT rBX/P££An/p£ (CO229) 


10 X VB/Jr /aAlBt /%£- 


T//^B /^POA) B//0//VB STAPT COM/^A/l/D ('XBC) 

F/c,aRa 7-;^ j-2 beat EycAA/x&ep P£Rbophaa/cb 

(S//BBT 2 PE 2 ) 










•PRt S.SU'RE ■O-'r ro ) nLOWRATE Cq pm) 


50.0 










t 





Loy^ c/ 

YZLU>0\ 

»/N.FU)lA 

/RAT£ ( 

F0004) 





-OX TAV 

KPREP 

RES5UR 

I^ATlOt' 

1 IWHA 

TEP 





a 

■AIGINa 

3T/5RT C 

OMMAN 

D 


^ 1 

MtLLDCy^ 

f/N PO'A 

^.p O'y 







£l\ 

}Q>JNE L 

f^m 

OX Q-HU 

LT)0V>/M 

PWPP.= 

— ^ 

rKS'T^VE 

— 

■p\FFEHF 

- 

\~- — 1 
MT\K\_(?c 

an) 

i 




CHI 

-UPOVJN 

^UMPOF 

F ^ 


.lI_i 

^EVAUVl 

i. CLOSF 
1 

O 


PREVAL\ 



lE ope:N^ 

J 

71) ^ 



, U ■ I. ■ I . I . . . . . 1 1 . . 

-JOO -200 -100 0 100 200 300 400 500 600 


TIA'H SjNlU.LP'r^l) tJr7:iFf' (SFC) 

7-7. LOX PUMP CHlLLDOWN C SHPET iOF3) 


7-22 





T^'^PtRl^ruRE C°R') T^MP/SRPiTURE i 


< 5 s Lo/. , 84 / re I ) WL\/e tnuei Tpyyp£pP 7 z/eE(co<^s:i> 




162 . 00 ' 

170.00 


- - ENGINE PUMPJN^T T£MPERfij-LiPE 

I ^^A/ 6 JAjE STRPT comwrd-^^ 


/Lox cpruDo'^N Return lire, 

{TT)HK inlet-') TP/^PERFiTUi^eOLo/sV 


162.00 

-JOO -200 


■LOX CNTUDQVLN PUMP OUTLET 
TPmPe' RE)- 7-uke C ccajetpOc ) 


Time prom stmulrteio etftopf i^ec) 
FIGURE 7- 7, Eox Pump cpillp'own' xsheet 


7--23 






PRES5URE.CP5I/)) fs|p5P^p5|) 


50.0 


40.0 


30.0 


20.0 


to.o 


0.0 

70.0 



... A.. 

— 

EA/6TPE 

— 
LOX PUi 

Np:. 

>P (JZPLf. 

ZULPPB 

'w 











1 






Pf 

ievrlvb 

openb 

t> ► 

1 

r 

f- 


TRt 

JK PPBi 

^RESSO 


ON 2NJ\ 

rlFTBb 


1 



^ 1 ^ 

BN (si PE %TFRT ComP)FNt> — 
1 ! 1 

1 ^ 



60.0 


50.0 


40.0 


30.0 


EAJ^we: Lox pump iajl£.tp/^e.s%ure (Xiooo^y 


-1 




LOX T/^AJK (^LLftSE PRESSURE 




20.0 


10.0 


’CHiLLX)QWh) Pump OFF — ^ 


hf- CHIILDOIPP PUpF OA/ 


pREVALVE CLOSER) 


0.0 


-300 -200 -100 


100 


200 300 


400 


500 600 ' 


YJ/ne. rf?0M UP T OFP (SbC') 

FIGURF7-7. LOXFUMP CWiLWn CSHBET d 0P5') 


7-24 





HFfiT input CBTU/hR') heat H'lPU \ CBiU/Ht^ ) HEAj INPUT C^TU/HR'', 


15000 


lOOOO 


5000 


E 

I 

c/7/ 

— 

'LLi>own\ 

SVST^A 

— 
1 MFar. 

— 

Tfjpur 

r~“ — 
SEcric 

1 

— 
/j i 

1 



4-wv^ 


“1^ 




1 


HTLLIXUY 

1 

//V P6//'7j 








30000 


30000 


10000 



60000 


40000 


20000 



totf 

r — 

L LOXC 


YJN SY6 

— 

TEM hie. 

L 

-vrr 





-ttwp 



^uinrW^'i 


fl 




EmiN 

E SWF 

T Co.Mi 

0Pi>u!> — 

^ 

■1 


O' 
-300 


t200 -100 


100 200 300 400 


SCO 600 


TIME FROM SI MU LN -fft> UFFOrF C S ^C,> 

LCjX Pum CHlLLt)0\>^N CffFFKrrFRJSTFS 


7-25 













PPHSSURVl. PRESSURE 

CPSEiD) CPsin^ rpcim') CPsia^ 



6.00 


4 .00 


I'.OQ 



•4 

FEh 

— 
ID OUC 

— 
T £ 

— 

■S 3 u'/?e 

4 >/?oP( 

— 

— 

LFTF2), 


A ?>. 

/. i 

'•■ .Ft A 

4 . yl 






\ 

/ '' ■ ■ 
i 

• * IV*1 

^4 - 0/ -V’ 

■* 


w -* 



V. " 

> 


0.00 


0.0 60.0 100.0 160.0 ^00.0 «!60.0 300.0 360.0 400,0 t 460.0 600.0 

r RO tv} C(^mmi\n)) (5.pc.) 

FMUEE-’7^9- INLei' COhl^inoRS c 


7-27 







TEMPERATURE («R) 


I 

to 

CO 



STATIC PRESSURE (PSIA) 


Figure 7-/0. LOX Pump Inlet Conditions During Firing 










SECTION 8 


FUEL SYSTEM 


the f 3 rin/;^ because of bulk heating, step pressurization, was in3:tiated at 
ESC +410 seconds. This was coincident with the EMR being- returned to 
5.0:1 and resulted in another significant change in pressurization system 
performance. 

The LH2 tank ullage pressure was above the 30.2 psia pressure switch 
• pickup level throughout the firing. The vent and relief valve 
microswitch talkback indicated that the valves were partially open and 
venting from ESC +4 seconds to ESC +257 secon^^s and again subsequent' to 
LH2 tank step pressurization during the period from ECG -44 seconds to 
engine cutoff command. 

8.1.3 02-H2 Burner Repressurization 

The 02-H2 burner was utilized for LH2 tank repressurization. For the 
test, the tank was fille^^ to a nominal second start level. Burner star'b 
command Was followed by a 7.49-secon'-^ lag before the initiation of 
re pressurization in order to provide higher burner chamber pressure (and 
improved combustion stabili'ty) during the start transient. The LH2 tank 
conditions are shown in figure 8-3; significant data are compared to 
previous stage data in table 8-3.. Additional, more detailed discussion 
is presented in section 10. 

The LH2 tank ullage pressure rise rate was 20 percent higher than the 
theoretical rate of 3.16 psi/min that was’ based on a constant-Q burner, 
a constant helium flowrate, and an assumed constant .burner helium inlet 
temperature of 40 deg R (the same reference conditions used for pre-vious- 
acceptance firing evaluations), ^^uping the S-IVB-508 burner operation, 
the actual total energy in the helium at the burner outlet to the LH2 
tank was 25 percent higher than the theoretical total energy calculated 
by assuming the temperature of the helium at the burner inlet to be 
40 deg R. The.. 25 percent increase was due to the ambient heating' that 
occurs between the cold heliiim spheres and the 02-H2 burner inlet. This 
large amount of ambient heating is an expected condition during acceptance 
testing. 

Under ideal conditions any heating above the reference should be reflected 
by a corresponding percentage increase in the pressurization rate above 
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8. FUEL SYSTEM 


The fuel system performed as designed and supplied LH2 to the engine 
within the limits defined in the engine specification. 

8.1 Pressurization Control 

The LH2 tank pressurization system (figure 3-1) adequately controlled 
LH2 tank ullage pressure during prepressurization, throughout the firing, 
and during the repressurization periods. 

8.1.1 P re pressurization 

The LH2 tank was satisfactorily prepressurized with helium from ground 
support equipment (GSE) console B. Figure 8-1 presents the prepressur- 
ization data; table 8-1 compares the S-IVB-508 data with that from 50? 
and 506N stages. The rate of prepressurization was substantially slower 
on 508 than on 507 because the supply pressure, measurement n0792, was 
significantly lower (figure 8-1). Prepressurization was terminated by 
actuation of the control pressure switch at SLO -51.8 seconds. After 
prepressurization, the ullage pressure increased because of ambient 
heating until it reached a level of 32.3 psia. At this point the ullage 
pressure stabilized, apparently as a result of relief valve action, and 
remained essentially constant until engine start command. 

8.1.2 Pressurization 

Uuring engine operation, the LH2 tank pressurization was satisfactorily 
accomplished by GH2 bleed from the J-2 engine (figure 3-1). The data are 
presented in figure 8-2 and compared with data from two previous accept- 
ance firings in table 8-2. 

In order to exercise all system components in both bum modes, control 
was transferred from the first bum pressurization mode to the second 
burn pressurization mode at ESC +350 seconds. Since the pressure switch 
range is the. same for both modes (26 to 31 psia), system performance did 
not deviate because- of the change to the second burn pressurization mode; 

however, a programmed cutback of engine mixture ratio to 4.5 j1j which 
also occurred at ESC +350 seconds, did affect certain performance 
parameters. To preclude the possibility of loss of NPSP near the end of 
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the theoretical. The actual ari(^ theoretical values f’o not’ agree because 
the boundary conditions vary slightly and because LH2 boiloff does not 
actually terminate when pressurization is initiated. 

8.1.4 Ambient Helium Repressurization 

Although the S-IVB-508 stage is equipped with an 02-H2 burner, the ambient 
helium re pressurization system was retained as a redundant system. It was 
tested prior to the 508 J-2 firing. 

The LH2 tank w&s satisfactorily repressurized from the five ambient 
helium spheres, nata and f^rformance levels are presented in figure 8-4 
and compared to S-IVB-507 and 506N data in table 8-3. 

8.2 LH2 Tank Vent and Relief Operations 

The LH2'tank ullage pressure was maintained at an acceptable level 
throughout the acceptance firing. 

8.2.1 LH2 Tank Vent and Relief Valve Performance 

Performance of the LH2 tank vent and relief valve anri the latching valve 
was satisfactory. The LH2 tank ullage pressiire profile indicates that 
one or both of the valves relieved from shortly after simulated liftoff 
to SMR cutback; however, the valve microswitch talkbacks indicated the 
valves were only feathering intermittently. Both valves reliever? shortly 
after LH2 tank step pressurization, and valve talkbacks indicated that 
the valves remained partially open until after engine cutoff command- 
s'. 2 , 2 Vent Operations nuking simulated Coast 

The continuous vent system (CVS) was operated for approximately -3T minutes 
prior to 02-H2 burner repressurization. Both the CVS nozzles and the 
nonpropulsive vent (NPV) orifices were removed, and a manifold system 
conducted the vented GH2 to the facility burn pond. At the LH2 tank 
ullage pressures maintained during the period, the flow of GH2 through 
the manifold (to atmospheric back pressure) was unchoked; however,' choked 
flow at the vent exits will occur during actual orbital coast conditions, 
uue to the common manifold system, venting through either the CVS or NPV 
is reflected in the pressure data from both systems (figure 8-5). 
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Continuous venting was initiated by opening the relief override valve and 
allowing the continuous vent regulator (CVR) to- open. After CVS initia- 
tion the ullage pressure decayed from 31.7 to 27.5 psia iii'49 seconds, 
yielding a pressure decay rate of 5-1 psi/min. Iliis is consistent with 
the decay rates of 4.9 and -5.9 psi/min noted on the 507 and 506N stages, 
respectively. At 49 seconds after CVS initiation the CVR was closed. 

The CVS bypass orifice was opened at CVS initiation plus 6l seconds, and 
the CVR was opened at CVS Initiation plus IO9 seconds. A nominal CVS 
regulation level of 20.5 psia was established. 

8.3 IiH2 -Pump Chilldown 

The LH2 pump chilldown system perfomied adequately. At engine start 
command the net positive suction pressure (NPSP) at the LH2 pimp inlet 
was above the 4.5 psi required. The chilldown system data are presented 
in figures 8-6 and 8-7. The S-IVE-508 acceptance test data are compared 
in table 8-4 with data from two previous acceptance firings. ■ 

The chilldown system operation was initiated at SLO -298.7 seconds. 

Systoa performance levels compared well with those of previous S-IVB/V 
acceptance firings. During unpressurized chilldown,' the liquid in the 
system was . subcooled to. a point "between the engine pump inlet and the 
chilldown system retxxrn line; the system became entirely subcooled during 
prepressurization. The chilldown shutoff valve was left open until 
shortly before engine cutoff command (ECC -38 seconds). 

For the calculation of heat input to section 1 (tank to pimp inlet) of 
the LH2 chilldown system, the reference temperature is the chilldown 
pump discharge temperature (.C0157)- Since this measurement was not 
installed on S-I'VB-504lT and subsequent stages, the LH2 bulk temperature 
(COO52) plus a 0.3 degree R bias was substituted. The bias was 
established from previous acceptance firing data. 

8.4 Engine EH2 Supply 

The EH2 supply system (figure 3-1) delivered the necessary quantity -of 
LH2 to the engine; pump inlet during engine firing and maintained the 



pressure and ■temperature conditions within a range that provided an LH2 
pump NPSP above the minimum requirements . The data and the calculated 
performance are presented in figure 8-8. Table 8-5 compares the 
S-IVB-508 stage recorded data and calculated performance data with that 
from previous S-Il/B acceptance firings. 

During engine operation, the LH2 pump inlet temperature and pressure were 
very near the predicted values. The IiH2 pump inlet temperature and pres- 
sure at selected times during engine operation were plotted in the engine 
LH2 pump operating region (figure 8-9) and showed that the engine inlet 
conditions were met satisfactorily throughout engine operation. 

Figure 8-10 is a plot of the pump inlet temperature as a function of the 
propellant mass remaining in the LH2 tank and includes S-IVB-507 and 506 n 
data comparisons . The previous test data have been biased to the LH2 
pump inlet temperatirre observed at engine start command of S-IVB-508 
acceptance firing to correct for instrument error, different heating 
during pressurization, and other test-to-test variations. 

During the engine cutoff transient, a high pressure spike occurred in 
the engine fuel feed duct. As a result, the pump inlet pressure flight 
transducer (D0002) failed. Post-test inspection disclosed that the lower 
fuel duct vacuum annulus contained approximately' 72 percent hydrogen and 
2k percent helium. Further investigation after the upper and lower ducts 
had been replaced revealed two cracks in the middle bellows of the lower 
duct. 
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TABLE 8-1 


LH2 TANK PREPRESSURIZATIOM DATA 


Parameter 

S-IVB-508 


S-IVB-506N 

Prepressurization duration (sec) 

42.4 

31.8 

50.5 

Helium mass ac^Bed (Ibm) 

26,6 

25.7 

20.2 

Ullage pressure 




At prepressurization initiation (sec) 

15.2 

15.2 ■ 

15.4 

At prepressurization termination (sec' 

31.0 

30.3 

30.2 

At simulated liftoff (psia) 

31.5 

31.5 

31.0 

At engine start command (psia) 

32.3 

31.7 

32,0 

Rate of increase after pre pressuriza- 
tion (psi/min)- 

. 0.8 

1.2 

0.9 

Events (sec from simulated liftoff) 




Prepressurizatipn initiation 

. -94.2 

-94.1 

-94.7 

Prepressurization termination 

-51.8 

-62.3 

—44.2 

Engine start command 

511.7 

511.7 

511.4 










TABLE a-2 


LH2 TANK PRESSURIZATION BATA 


Parameter 

. S-IVB-508 

S-IV3-507 

-S-IVB-506N 

Pressure switch setting 




First bum 




Lower (psia) 

28.6 

28.2 

28.3 

Upper (psia) 

30.7 

. 30,3 

30.7' 

Second burn 




• Lower (psia) 

28.3 

28.1 

■ 28.3 

Upper (psia) 

30.1 

30.6 

30.5 

Ullage pressure 




At engine start command (psia) 

32.3 

31.7 

32.0 

At step pressurization (psia) 

32.2 

31.7 

31.9 

At engine cutoff command (psia) 

32.9 

32.1 

32.7 

GH2 pressurant flowrate 




Overcontrol — high EMR (Ibm/sec) 

— 

— 

— 

Overcontrol--low EMR (ibm/sec) 

— 

— 

— 

Undercontrol — high EMR (ibm/sec) 

0.70 

. I 0.63 

0.63 

Undercontrol — low EMR (ibm/sec) 

0.66 

0.61 

0.60 

Step 

1.07 

1.09 

1.03 

Total GH2 added (ibm) 

328 

281 

290 

Events (sec from simulated liftoff) 




Second burn mode initiation 

862 

712 

712 

I Step pressurization initiation 

922 

921 

921 
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TABLE 8-3 


LH2 TANK REPRESSURIZATION nATA 



S-I7B-508 

S-m-50? 

S-I7B- 

506N 

Parameter 

Ambient 

Burner 

Ambient 

Burner 

"" * ‘1 

Ambient 

Burner 

Repressurization duration (sec) 

25 

175* 

28.9 

151* 

40 

147* 

■Ullage volume (cu ft) 

4,663 

4,697 

4,519 

4,559 

4,720 

4,880 . 

Ullage pressure 







At repressurization initiation (psia) 

22,0 

19.3 

21.4 

20.0 

21.0 

19.6 

At repressurization termination (psia) 

30.3 

30.3 

30.3 

30.3 

30.0 

30.2 

Rise rate (psi/rain) 

■ 19.8 

3.78 

18,4 

4.10 

13.5 

4.30 

Repressurization helium usage (Ibm) 

20.5 

20.1 

22.5^ 

18.1 

24.5*^ 

16.5 


* Does not include the lag in repressurization initiation following burner start command. 

■5*^ These are not the values appearing in previous -acceptance test reports. They represent the improved 
computational method effective with S-IVB-30S. 




TABLE 8-4 


LH2 RECIHOULATION CHILL^OV/N nATA 


Parameter 

S-IVB-508 

S-IVB-507 

S-IVB-506N 

NPSP 




At engine start command (psi) 

8.9 

13.3 

8.8 

Minimum required at start (psi) 

4.5 

4.5 

4.5 

Maximum during chilldown (psi) 

18.9 

21.0 

19.2 

Average flow coefficient (sec^/in^ft^) 

17.6 

18.1 

18.1 

Fuel quality in sections* 2 and 3 
(lb gas/lb mixture) 




Maximum — unpressurized chilldown 

0.028 

0.014 

0.027 

At prepressurization initiation 

0.024 

0.011 

0.023 

Fuel pump inlet conditions 




Static pressure at start (psia) 

33.0 

33.5 

33.6 

Temperature at start (deg R) 

39.4 

38.5 

39.9 

Amount of subcooling at start (deg R) 

2.1 

3.6 

2.3 

Heat absorption rate 


« 


Unpressurized chilldown 




Section* 1 (Btu/hr) 

20,500 

10,000 

20,000 

Sections* 2 and 3 (Btu/hr) 

18,500 

18,000 

17,500 

Total (Btu/hr) 

39,000 

28,000 

37,500 

Pressurized chilldown 




Section* 1 (Btu/hr) 

17,500 

9,000 

18,000 

Section* 2 (Btu/hr) 

12,500 

12,000 

8,500 

Section* 3 (Btu/hr) 

15,000 

18,000 

18,000 

Total (Btu/hr) 

45,000 

39,000 

44,500 


* Section 1 is tank to pump inlet j section 2 is pump inlet to bleed valve; 
section 3 is bleed valve to tank. 


8-9 







Table 8-4 (Continued) 


Parameter 

S-IVB-508 


S-IVB-506N 

Chillriovm flowrate 




Unpressurized (gpm) 

107 

120 

108 

P re s surized ( gpm). 

138 

140 

137 

Chilldown pump pressure differential 




Unpressurized (psi) 

8.9 

8.7 

9.4 

Pressurized (psi) 

7.2 

7.8 

7.75 

Events (sec from simulated liftoff) 




Chilldown initiated 

-298.7 

-298.6 

-299.4 

Prevalve closed 

-283.3 

-283.2 

-283.9 

Prepressurization 

-94.2 

-94.1 

-94.7 

Prevalve opened 

510.1 

510.2 

509.7 

Chilldown pump off 

511.1 

511.2 

510.7 

Engine start command 

511.7 

511.7 

511.4 

Chilldown shutoff valve closed 

922.2 

922.2 

921.8 
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TABLE 8-5 


LH2 PUMP INLET GONniTION UATA 


Parameter 

S-IVB-503 

S-IVB-507 


Pump inlet conditions 



. 

Static pressure at en^ne start 
command (psia) 

33.0 

33.5 

33.6 

Static pressure at' engine cutoff 
command (psia) 

30.2 

31.7 

31.1 

Temperature at engine start 
command (deg R) 

39.4 

38.5 

39.9 

Temperature at engine cutoff 
command (deg R) 

39.9 

39.0 

39.6 

NPSP requirements at pump interface 




Minimum at engine start command (psi) 

4.5 

4.5 

4.5 

At high MR (psi) 

5.3 

5.3 

5.3 

After EMR cutback (psi) 

4.9 

4.9 

4.9 

NreP available at pump interface 




At engine start command (psi) 

8.9 

13.3 

8.8 ■ 

Maximum (psi) 

16.3 

15.9 

15.1 

Minimum (psi) 

10.2 

' 11.0 

9.5 

At engine cutoff command (psi) 

11.2 

11.0 

10.0 

LH2 suction duct 

« 



At high MR 




Pressure 'drop (psi) 

0.6 

0.3 

0.5 

Flowrate (ibm/sec) 

82 

85 

83 

After MR cutback 




Pressure drop (psi) 

0.5 

0.5 

0.4 

Flowrate ( Ibm/sec) 

79 

84 

80 
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SECTION 9 


PNEUMATIC CONTROL AND PURGE SYSTEM 


9. PNJ'iUMATIC CONTROL MD FUHGJ'i SYSTJilM 

I'he pneumatic control and purge system (figure 3-1) performed adequately 
during the acceptance firing. All components functioned properly. The 
test results are summarized and compared vith previous acceptance firing 
data in table 9-1- 

9.1 Ambient Helium Supply 

In order to simulate actual flight conditions the stage was isolated 
from the ground support equipment (GSE). The helium supply valve was 
closed 328.5 seconds prior to simulated coast and remained closed during 
the continuous venting period and both the burner and ambient helium 
repressurization operations. The valve was also closed at SLO -7-2 
seconds and remained closed through J-2 engine operation. 

9.2 Pneumatic Control 

All engine and stage pneumatic control valves responded properly through- 
out the terminal countdown, simulated coast, 02-H2 burner operation, 
ambient repressTirization, and J-2 engine operation. 

During a period of simulated coast the pressure decay of the control 
helium sphere was higher t^an normal. This was due to the high bleed 
rate that accompanies actuation of the latch in the LH2 latching vent 
and relief valve. The latch in the EH2 latching vent and relief valve 
remained actuated from *BSC -1,192 seconds to BSC +784 seconds. 

The normal system pressure drops that result from regulator operation 
during J-2 engine and 02-H2 burner operation are shown in figures 9-1 
and 9-2, respectively. 

9.3 Ambient Helium Purges 

During the acceptance firing all stage purge functions that utilize stage 
pneumatics were satisfactorily accomplished. The pneumatic system was 
isolated from the GSE during the periods’ of simulated coast and engine 
firing, discontinuing those ptirges that were facility supplied. Table 3-2 

lists the flowrates of the various purge orifices. 

*Bumer Start Command 


9-1 



9-2 


TABLE 9-1 


' PNEUMATIC CONTROL AND PURGE SYSTEM DATA 


Parameter 

S-IVB-508 

S-IVB-507 

S-IVB-506N 

Engine 

Operatipn- 

Burner 

Operation 

Engine 

Operation 

Burner 

Operation 

Engine 

Operation 

Burner 

Operation 

Sphere volume (cu ft) 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

Sphere ^re'ss'ure 







At 'simulated liftoff (psia) 

2,950 

— 

2,966 


2,817 

-- 

At engine start coramanB (psia) 

'2,875 

2,540 

2,855 

2,175 

2,709 

2,159 





1,941* 


1,965* 

At engine cutoff command (psia) 

2,860 

2,500 

2,852 

2,024 

2,713 • 

2,099 

• 




1,903* 


1,950* 

Sphere temperature 




■1 

- 


At simulated liftoff (deg R) 

547 ' 

— 

540 

— 

549 

— 

At engine start 'command (deg R) 

540 

532 

534 

526 

541 

537 





523* 


536* 

At engine cutoff command (deg R) 

540 

531 

- 533 

523 

..541 

537 





522* 


536* 

Helium mass usage rate 







Pre-bum engine pump purge '(Ibm/min) 

0.075' 

— 

0.070 

— 

0.080 

— 

Post-burn engine pump purge (Ibm/rain) 

0.120 • 

— ■ 

0.146 

— 

0.125 

— 

Simulated coast with no engine pump 







purge ( Ibm/min) 

■ 0.027 


0.010 



— * 

0.0033 

— — 


^Value obtained from second burner operation. 




Table 9-1 (Continued) 


» ) 

S-IVB-508 

S-IVB -507 

S-IVB- 5 O 6 N. 

■ Parameter 

Engine 

Operation 

Burner 

Operation 

Engine 

Operation 

Burner 

Operation 

Engine 

Operation 

Burner 

Operation 

Bum duration (sec) 

460 

460 

436 

455 

130 * 

■ 448.1 

456 

130 * 

Helium, mass 







At simulated liftoff (Ibm) 

8.12 

— 

8.39 

— 

7.89 

— 

At engine start command (Ibm) 

8.01 

7.27 

8.19 

6.46 

5.85^^ 

7.71 

6.29 

5.78* 

At engine cutoff command (Ibm) 

8.01 ■ 

7.16 

8.19 

6.07 

5.74* 

7.71 

6.13 

5.74* 

Usage during engine or burner 
operation (Ibm) 

0.0 

0.11 

0.0 

0.39 

0.11* 

* 

0.0 

0.16 

0 . 04 * 

Usage during 10-min post-burn engine 
pump purged*- (Ibm) 

1.20 

— 

1.46 

— 

1.25 

— 

Maintained regulator outlet pressure band 







Low (psia) 

550 

548 

534 

540 

540 * 

513 

510 

510 * 

High (psia) 

565 

■ 552 

565 

543 

542* 

556 

543 

540 * 

System minimum during start and cutoff 
transient (psia) 

440 

— 

426 

— 

423 

— 

Average LOX chilldovm motor container 
purge pressure (psia) 

45 

• 46 

61 

60 

57 

57 

56 * 


* Value obtained from second burner operation. 


Estimated on basis of purge flcfwrate. 
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SECTION 10 


OXYGEN-HYDROGEN BURNER SYSTEM 


10. OXYGEN-HYOaOGEN BURNER SYSTEM 


The 02-H2 burner (figure 3-1) was acceptance tested prior to the S-IVB- 
508 stage acceptance firing. The 508 test differed from previous 
acceptance tests in two ways. The S-IVB-503N, 504N, and 505N burner 
operations were terminated by pickup of the LH2 flight control pressure 
switch,, whereas the 506W, 507, and 508 burner operations were not. In 
addition, the burner was operated twice during the 506N and 507 accept- 
ance tests — the first time to repressurize the LH2 and LOX tanks, and 
the second to show the burner restart capability for ullaging ‘purposes. 

On S-IVB-508, however, the burner was operated only once. 

10.1 Burner Performance 

The burner performed .satisfactorily during the 460 seconds of operation. 
The LOX tank was repressurized 178 seconds after burner start, and the 
LH2 tank repressurization was terminated approximately 3.9 seconds later. 
Performance data are presented in figures 10-1 through 10-4. 

10.2 LH2 Tank Repressurization 

The LH2 tank pressurant started flowing 7.49 seconds after burner start 

'J 

i 

command. The LH2 tank ullage was then pressurized from 19.3 to 30.3 psia 

i ^ 

in 1T4.5 seconds, for an average rate of 3.78 psi/min. 

The 3.78 psi/min repressurization rate was 0.62 psi/min higher than the 
theoretical rate based on an adiabatic repressurization process, utiliz- 
ing 40 deg R helium. The higher than theoretical pressurization rate 
was the result of the relatively warm temperatures of the cold helium 
spheres. The ambient heating on the S-IVB-508 burner was less than on 
the 506 N and 507 burners due to the different cold helium sphere condi- 
tions on the various tests. 

The LH2 tank repressurization burner heat input rate (the total minus 
the ambient heating rate), helivmi flowrate, anH repressurization coil 
outlet temperature are shown in figure 10-2' ^d further discussed in 
paragraph 8.1.3. A comparison of 02-H2 burner performance during three 
acceptance firings is presented in table 10-1. 


10-1 



10.3 LOX Tank Re pressurization 


The LOX tank pressurant starteH flowing 7 seconris after burner start 
command. The LOX tank ullage- was then repressurizeci from 34.5 to 37.9 
psia in. 171 seconds, for an -average rate, of 1.19 psi/min. To compensate, 
for the 4.64 psia head due to the LOX -load during ground testing, the 
ullage pressure was kept low enough to provide 'a burner LOX supply- 
pressure range of 39.1 to 42,5 psia. 

The total average LOX tank.^ repressurization heat flux (the heating of 
the LOX tank pressurant gas from the 40 deg R reference base to the 
burner LOX repressurization outlet temperature) was 47,100 Btu/hr. 

Ambient heating (the heating of the LOX tank pressurant gas from the 
40 deg R reference base to the burner inlet temperature) contributed 
approximately' 10,200 Btu/hr to the total LOX tank repressurization heat 
flux. As a result of. the cold helium sphere temperatures, the ambient 
heating and the LOX repressurization heat flux were comparable to those 
on previous acceptance tests. Approximately 3.6 Ibm of helium were 
required for LOX -tank repressurization. 

The LOX tank repressurization burner heat input rate (the total minus 
the ambient heating rate), helium flowrate, and repressurization coil 
outlet temperature are shown in figure 10-4 and are further discussed 
in paragraph 7.1.3- The 508 acceptance firing LOX tank repressurization 
performance is compared with '507 and 506N acceptance performance in 
table 10-1. 

10.4 .Cold Helium Supply 

The cold helium spheres provided an adequate amount of helium for 
cryogenic repressurization. The temperature and pressure profiles before 
and during burner operation were as expected and are shown in figure 10-4. 
The system performance is, compared with previous acceptance tests in 
table 10-1. 
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10,5 Pilot Bleed Flowrate 

The burner' helixun shutoff valves utilize a pilot bleed system which 
diverts approximately O.OO/ 4 . Ibm/sec of the total cold helium flow 
passing through each module and dvimps it downstream of the burner exit 
orifices. This pilot bleed flow is compared with that during the 
S-IVB-507 and 506N tests in table 10 - 1 , . 
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TABLE 10-1 


02-H2 BURNER PERFORMANCE BATA 


Parameter 

S-IVB-508 

S-IVB-507 

Duration of burner operation 



First bum 

459.6' 

455.5 

Second burn 

N/A 

130.6 

Lag in pressurant flow after burn 
start (sec) 

7.49 

6.87 

Cold helium supply 



Initial pressure (psia) 

1,625 

1,763 

Initial average temperature (deg R) 

_ 61.6 

64,0 

Initial mass (Ibm) 
• 

223' 

224 

Consumption during burner operation 
(Ibm) 

25.0 

22;5 

Burner propellant supply during 
repressurization period 



LH2 supply pressure range (psia) 

20.2-31.2' - 

20.9-31.1 

LOX supply pressure range (psia) 

39.1-42.5 ' 

38.3-41.1 

LH2 tank pressurization 



Ullage voltime (cu ft) 

4,697 

4,619 

Initial pressure (psia) ■ 

. 19.3 

20.0 

Final pressure (psia) 

30.3 ' 

30.2 

Average pressurization rate 
(psi/min) 

3.78 

4.05 

■ Total average heat transfer 
rate'^ (Btu/hr) 

244,000 

243,000 

Ambient heating rate** of 
pressurant gas (Btu/hr) 

53,350 

64,000 

Pressurant. helitira through 
burner (ibra) 

19.36 

18.1 . 

Pressurant helium through valve 
pilot bleed (ibm) 

0.74 •_ 

0.61 ■ 

Total helium required (Ibm) 

20.10 

18.71 


Weighted averagei 


^ Measured from UO deg R reference base 


vS-IVB-506N 


456 

130.6 

■6.84 

1,819 

60 . 

252 

22.9 

20.5-31.1 

39.3-43.2 

4,880 

19.6 

30.2 

4.30 

234,000 

66,536 

16.5 ■ 

0.9 ' 
17.4 
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‘I'ablft IQ-1 (ContlnueH) 


. Parameter 

S-IVB-508 

S-IVB-50? 

S-IVB-506N 

LOX tank pressurization 




Ullage voliime (cu ft) 

974 

969 

999 • 

Initial pressure (psia) 

34.5 

33.7 

34.7 

Final pressure (psia) 

37.9 

36.5 ■ 

38.6 

Average pressurization rate 
(psi/min) 

1.20 

1.11 

1.16 

Total average heat input rate* 
■ from burner (Btu/hr) 

47,093 

48,200 

48,880 

Ambient heating rate* of 




pressurant gas (Btu/hr) 

10,188 

11,500 

10,980 

Pressurant helium through 
burner (Ibm) • 

2.90 

3.2 

4.3 

Pressurant helium through 
valve pilot bleed (ibm) 

0.71 

0.61 

1.2 

Total helium required (Ibm) 

3.61 

3.81 

5.5 


* Measured from 40 deg R reference base 
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I SECTION 11 


•PROPELLANT UTILIZATION SYSTEM 


11. PRQPELLMT UTILIZATION SYSTEM 

The propellant utilization (PU) system generally performed satisfactorily 
during the acceptance firing, however, a minor anomaly with a sticky 
PU valve compromised the valve history. Propellant loading was successfully 
accomplished based upon a desired common propellant load of 193,273 Ibm LOX 
and 38,000 Ibra LH.2, The LOX and LH2 masses obtained by the flow integral 
method were 193,079. Ibra and 37,711 Ibm, respectively. The PU indicated LOX 

and LH2 masses were 0.06 percent and 0,85 percent higher than the flow 
integral derived masses. 

The PU indicated LOX mass was 0.04 percent less than the desired LOX 
loading and the PU indicated LH2 mass was 0.08 percent greater than the 
desired LH2 load. The LOX and LH2 full load masses, as determined by 
the volumetric method, were respectively, 0.06 percent lower and 0.81 
percent higher than the flow integral method derived mass. Loaded mass as 
determined by the flow integral method was -.10 percent and -.77 percent 
of desired for LOX and LH2, respectively. 

The PU system operated in a closed-loop mode for most of the single 
bum full duration firing. However, an open-loop excursion to the low 

' I 

EMR position (4.5:1.0) was commanded at ,350.4 sec followed by a command 
• to the null position (5. 0:1.0) at 410.1 sec where it remained until 
.cutoff. During the closed-loop operation a reference mixture ratio of 5. 0:1.0 
was utilized. * Closed-loop valve cutback occurred 10.7 sec later than 
predicted. The steady-state valve position following the closed-loop 
cutback transient was approximately 0,6 deg higher than predicted. 

The open-loop excursion resulted in an LH2 depletion cutoff. The result- 
ing propellant masses at cutoff were 3,300 Ibm LOX and 670 Ibm LH2 . 

Engine thrust variation were well within the flight thrust variation 
limits derived for the Contract End Item (CEI) specification. 

11. 1 PU System Calibration 

The nominal S-IVB-508 pre-acceptance mass sensor calibration data were 
.determined from previous acceptance firing results. 

The propellant mass at the upper and lower calibration point was 
determined from calculated unique tank volume data and predicted propel- 
lant densities . The capacitance at the lower end was determined from 
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the vendor's sensor air capacitance and average fast drain data from 
previous acceptance firings. 

The LOX sensor capacitance at the full .immersion point was determined 
from the vendor's air capacitance and mean data, accumulated from LOX 
sensor full immersion tests conducted on S-IVB-207, 208, 209, 503N, and 
504N. The LH2 sensor capacitance at the upper calibration point was 
determined from the S-IVB-209, 504N, 505N, and 506 immersion test results 
and vendor's air capacitance. 

The LOX and LH2 PU calibration data are presented in the following table: 


PU MASS SENSOR 

MASS (Ibm) 

CAPACITANCE (pf) 

LOCATION 

1- LOX . 

196,748 

414.12 

Top .of inner ele- 
ment.- 


1,335 

282.06 

Bottom of inner 
element . 

LH2 

44,694 

1185.26 

Top if inner ele- 
ment. 


'201 

971.36 

Bottom of inner 
element.' 


11.2 PU Mass History 

The flow integral, volumetric, and PU indicated methods were used to 
evaluate the acceptance firing propellant full load and mass history; 
however, only the flow integral method will be used to recalibrate the 
PU system for flight. 

The flow integral method consists of determining the mass flowrate of 
LOX and LH2 and integrating as. a' function of time to obtain total 
consumed mass during firing. Flow integral mass values are based on the 
analysis of engine flowmeter data, thrust chamber pressure, engine 
influence equations , and engine tag values - 

The initial full load-mass, using the 'flow integral method, is determined 
by adding the propellant residuals at. engine cutoff, the fuel pressurant 
added to the ullage, and propellants lost to boiloff to the total mass 
consumed. 
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llie FU volumetric masses were derived from rav/ PU probe output data 
computed according to volumetric calibration slopes and volumetric 
nonlinearities. The calibration slopes (Ibm/pf) were computed from 
capacitance propellant mass relationships at the upper and lower probe 
active element extremities . The propellant mass at these extremities 
was calculated from unique tank volume determined from tank measurements 
and propellant density. 

The PU indicated method measures propellant mass from the raw PU 
probe output. 

Table 11-1 presents the propellant mass history for salient times during 
thh acceptance firing. 

11.2.1 Propellant Loading 

Propellant loading was accomplished automatically by the loading computer. 
Desired, indicated, volumetric, and flow integral full propellant loads ' 
at ESC are presented in table 11-1. 

The deviation between the desired and flow integral masses were within 
0.10 percent and 0.77 percent for LOX and LH2 respectively. 

11.2.2 Propellant Residuals 

Propellant residuals were computed at Engine Cutoff Command (EGC) using 
both the PU mass sensors and the residual point level sensors. Three 
level sensors in each tank (L0017, L0018, and L0019 in the LH2 rank, 
and L0014, L0015, and L0016 in the LOX tank) were activated during the 
firing and were used for residual analysis. 

Level sensor residuals were computed using the engine consumption data 
(G105 program) to extrapolate from level sensor activation to engine 
cutoff. A statistical average residual was computed for the point 
level sensors for each propellant tank. The final residual masses at 
engine cutoff are the weighted average residuals of the point level sensor 
and PU mass sensor residual data. 

Table 11-2 contains a tabulation of PU volumetric, level sensor, and 
weighted average data. The residuals as determined from the weighted 
average data were 3,300 Ibm-and 670 Ibm for LOX and LH2, respectively. 
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11.2.3 PU Efficiency 

PU efficiency is determined by expressing the usable residual propellants 
at depletion as a percentage of the total propellant load. The planned 
residuals were not optimized to include the effects of the open-loop 
demonstration. An LH2 depletion sensor cutoff occurred prior to PU 
processor cutoff due to a propellant depression phenomena. Total stage 
propellant consumption rates (determined by engine and stage flowrate . 
evaluation) at the LH2 depletion- sensor cutoff time were 390.9 Ibm/sec 
for LOX and 79.3 Ibm/sec for LH2. 

The combined PU efficiency (open and closed- loop) was 99.42 percent. 

The planned residuals were 2,408 Ibm of LOX and 760 Ibm of LH2. The 
actual extrapolated residuals result with no remaining usable LH2 and 
3,264 Ibm usable LOX remaining. 

Normal cutoff is by the PU processor. For future acceptance fired stages 
an adjustment will be made to the LH2 PU processor cutoff so as to initiate 
engine cutoff prior to the depletion sensor activation. 

11 . 3 PU System Response ! ■ 

i 

PU system closed-loop mixture ratio valve cutback occurred at 196.7 sec , 
which was 10.7 sec later than the predicted cutback time of 186.0 sec. 

The closed-loop valve response exhibited anomalous activity during the 
cutback transient. This anomaly was detected at a valve position of 
+25.5 degrees and was determined to have resulted from a sticky valve. 

During the subsequent post firing checkout the valve did not meet the 
specification requirement and was replaced. 

Receipt of .the open-loop 4.5 EMR -command was observed within 0.4 sec of 
;predicted. The PU valve null position command was received at 410.1 sec 
which is 0.1 sec later than predicted. 

The reconstruction of the actual PU valve history was made using the 
actual engine environment, tank-to-sensor mismatches derived from the 
flow integral mass histories, and other known system operating conditions. 

The tank-to-sensor mismatch of the LOX and LH2 mass sensors based on 
•volumetric and flow integral data are presented in figures 11-2 through 11-5. 
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The following table summarizes the deviations between the actual and 
predicted PU valve position histories and their sources, based on the flow 
integral results. 


DESCRIPTION 

CUTJiACK TIME 
DEVIATION 
(sec) 

VALVE POSITION 
SHIFT 
(deg) 

Loading 

-6,5 

0 

Calibration ■ 

0 

+0.25 

Tank/Sensor Mismatch 

+12 

0 

Tag Values 

+6 

+2.39 

Engine Environment 

-2 

+0.02 

Total 

+9.5 

' +2.66 


The summation of deviations listed in the table would increase the pre- 
dicted cutback time by 9.5 sec and increase the mean value of mixture ’ ratio 
valve position by 2,6 deg. 

11.3.1 PU Cutback Deviations 

11.3.1.1 Loading Computer Deviation 

Loading computer deviations are the difference between the PU system 
indicated loads at ESC and the desired PU system indicated loads at ESC. 

The loading deviations were -73 Ibm LOX (-.038 percent) and +32 Ibm LH2 
(+.084 percent). These deviations were within acceptable loading errors 
of +3.0 percent. The combined effect of these loading computer deviations 
decreased cutback time by 6.5 sec. The mean level of the valve position 
after cutback was not affected by these loading computer deviations. 

11.3.1.2 Flow Integral Mass/ Capacitance Calibration Deviation 

Calibration deviations are the difference between PU Indicated loads and 
flow integral loads during bum. Calibration deviations at ESC were -.013 
percent LOX and -.869 percent LH2. Calibration deviations at ECC were 
-.0226 percent LOX md +.0 percent LH2. The slope deviations between 
ESC and ECC were +.0094 percent LOX and -.869 percent LH2. The desired 
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reference mixture ratio .(EMR) for the S-IVE-SOS acceptance firing was 
5. 0:1.0. The bridge gain ratio (BGR) was also calibrated at 5.0:1. 

Since PU sensor calibration deviations also affect the BGR, the actual 
ratio was. 5. 02:1. The calibration deviations did not alter the cutback 
time but shifted the mean value of valve position by +.25 deg. 

11:3.1.3 Tank/ Sens or Mismatch 

The effect of the differences between the average, of previous .acceptance 
firing flow integral tank-to-sensor mismatch results for the S-iVB--508 
prediction and the actual flow integral mismatch increased cutback by 
12 sec but had no effect on ,the mean level of valve position-. Figures 
11-4 and 11-5 show the actual flow integral LOX and LH2 nonlinearities 
with the snesor manufacturing nonlinearities included. 

11.3,1.4 Tag Values 

I 

The effect of the difference between predicted and actual tag values for 

the S-IVB-508 acceptance firing was to increase cutback by 6 sec. 

In addition, the me an f level of valve position was shifted by +2.39 deg. 

1 * ‘ ' 

11. '3.1. 5 Engine Environments 

The effect of the difference between- predicted and actual- pump inlet 
conditions, pressurization, and. bolloff rates for the 508 acceptance "firing 
was to decrease cutback time by 2 sec and increase the mean level of- valve 
position by +.02 deg. 
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TABLE 11-1 

PROPELLANT MASS HISTORY 


EVENT 

DESIRED 

MASS 

(Ibin) 

PU 

INDICATED 

MASS 

(Ibm) 

PU 

VOLUMETRIC 

MASS 

(Ibm) 

FLOW 

INTEGRAL 

MASS 

(Ibra) 

DEVIATION 

FROM FLOW INTEGRAL 

MASS 

DESIRED 

PU INDICATED 

VOLUOETRIC 

SIMULATED 

LOX 

193,273 

193,200 

192,967 

193,079 

+194 

0.10% 

+121 

0.06% 

-112 

0.05% 

LIFTOFF (TO) AND 












ENGINE START 

LH2 

38,000 

38,032 

38,017 

37,711 

+289 

0.77% 

+321 

0.85% 

+306 

0.81% 

COMMAND 













TOTAL 

231,273 

231,232 

230,984 

230,790 

+483 

0.20% 

+442 

0.19% 

+194 

0.08% 

PU VALVE CUTBACK 

LOX 

105,325 

106,658 

106,058 

105,715 

-390 

0.20% 

+943 

0.49% 

+343 

0.18% 

(ESC +196.7 SEC) 

LH2 

21,912 

21,925 

21,860 

21,655 

+257 

0.68% 

+270 

0.71% 

+205 

0.54% 


TOTAL 

127,237 

128,583 

127,918 

127,370 

-133 

0.05% 

+1,213 

0.52% 

+548 

0.23% 

ENGINE CUTOFF 

LOX 

3,448 

3,338 

3,388 

3,300 

+148 

0.08% 

+38 

0.02% 

+88 

0.05% 

COMMAND 













LH2 

985 

643 

651 

670 

+315 

0.83% 

-27 

0.07% 

-19 

0.05% 


TOTAL 

4,433 

3,981 

4,039 

3,970 

+463' 

0.20% 

+11 ' 

0.004% 

+69 

0.03% 























TABLE 11-2 

PROPELLANT RESIDUAL SUMMARY 


CO 




LEVEL SENSOR 
(ACTIVATION TIME) 

J 

LOX TANK 

LH2 TANK 

L0016 

(To +937.110) 

L0015 

(To +952.942): 

L0014 

(To +969.026) 

ECC 

(To +971.681) 

L0019 > 

(To +937.443) 

L0018 

(To +945.610) 

- L0017 
(To +963.026) 

ECC 

(To +971.681; 


16-,941 

10,337 

4,276 

'3,388 


2,789 

1,460 

651 

LEVEL 

SENSOR 

INDICATED' 

VALUE 

16,683 

10,659 

4,325 


3,381 

2,733 

1,362 

/ 

LEVEL 
SENSOR . 
EXTRAPO- ■ 
LATED 
RESIDUAL 

3,163 

3,334 

3,288 

3,281 * 

665 

665 

676 . 

671 * 

WEIGHTED 

AVERAGE 

RESIDUAL 




3,300 ** ' 

' 




670 ** 


NOTE; To = 1,433:44.00 

*Statis3tical average of level sensor residuals 
**Statistical average of level sensor and PU system residuals 
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Figure 11-4. LOX Mass Sensor Nonlinearity (Flow Integral Method) 
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SECTION 12 


DATA ACQUISITION SYSTEM 


12. DATA ACQUISITION SYSTEM 


The data acquisition system demonstrated competency in acquiring stage 
information 5 conditioning the data signals, translating these signeils 

N 

into proper telemetry format, and transmitting the telemetry information 
to a ground station. The measurements which comprise this system are, 
specified In Drawing No. 1B43573 Change S AEO U, Instrumentation 
Program and Components List (IP&CL); however, not all measurements speci- 
fied in -the IP&CL were in operation during this test . The system demon- 
strated that it was free of. radio frequency interference and was electro- 
magnetically compatible with other stage systems . 


The performance of the data acquisition system was satisfactory through- 
out the ^ 2~^2 mainstage firing phases of the acceptance firing. 

The reduced data from all channels were acceptable with the exception of 
the discrepancies described in tables 12-1 and 12-2. 


The following is a summaiy of the telemetry data measurement system per- 
formance during acceptance firing: 


Total number of measurements assigned 
Total number of measurements deleted 
Total number of active measurements 
Measurement failures 
Total acceptable measurements 
Measurement efficiency 
Measurement discrepancies 


296 

67 

229 

3 

226 

98.7 

9 


percent 


12 . 1 Instrumentation Subsystem Performance 


The instrumentation system performed satisfactorily during all phases of 
the acceptance firing. Three- measurement failures were observed and nine 
measurements exhibited data problems. Table 12-1 lists these meas\irements 
and table 12-2 elaborates their malfunction characteristics. Table 12-3 
lists the measiirements that were inactive. 
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Measxirement G0010-ii01, Position - P.U. System Ratio Valve, was qualified 
as good, but the valve exhibited erratic operation. The 
valve failed a post fire test and was subsequently replaced. D0002-it03 
(Press - Fuel Pump Inlet) was overpressurized at J-2 engine cutoff. 

One measurement used for hardwire monitoring failed during mainstage 
operation. This actually constitutes a flight measurement failure since 
the hardwire measurement, C04l9-^03, is the complement to flight measure- 
ment C0382-403 (Temp - G0X/GH2 Burner Chamber Domq); C04l9-403 was off- 
scale high during mainstage operation. C0382-403 was not monitored on 
T/M during the test. 

The measurements listed below were susceptible to the high RF field 
experienced on the Complex Beta test stand. The RFI condition was 
eidiibited as noise or data shift, or both, when comparing open and 
closed loop RF data. RFI responses have been observed dtiring previous 
firings; this problem does not exist when the stage is in the launch 
vehicle configuration. No action is being contemplated to remedy the 
problem. 


C019T-401 

moo6o-4ii 

M0068-411 

N0018-411 

N0055-411 

N0060-411 

noo6i-4ii 

noo63-4ii 

D0104-403 


Temperature - Primary Instrumentation Package 
Volt - PU Valve Control 

Volt - 5-Volt Excitation Module, Forward 2 

Misc - PCM/FM Transmitter Output Power 

Misc - Telemetry RF System Reflected Power, Channel 1 

Misc - Operational Telemetry RF Transmitter Power Kit 

Misc - Operational Telemetry Reflected RF Power Kit 

Misc - PU Oven Stability Monitor 

Press - LH2 Pressurization Module Inlet 


RACS calibrations were evaluated for proper levels at T - 2h2h seconds 
(1333:20 hours PST) of Phase D (mainstage firing). All measurements 
were within the acceptable RACS levels except N0055-411 (PCM/FM Reflected 
Power) which was confirmed as an RFI problem. 


Comparison of the T/M and GIS hardwire data was conducted during the 
Sacramento test facility evaluation. A total of 48 measurements were 
compared with satisfactory results. The comparison results are shown in 
table 12-4. 
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12.2 Telemetry Subsystem Performance 


The telemetry subsystem performance was good. There was no loss of 
system synchronization, and good data were received from all channels. 
DDAS hardwire (600Hz) to- T/M (open loop KP) comparison did not reveal 
any data discrepancies. 

Response of the telemetry subsystem to in-flight multiplexer calibrations 
were evaluated during Phase D at the following times : T^ + ll6 seconds 

and Tq + 1219 seconds. The chilldown pumps and the auxiliary hydraulic 
pumps were operating at T^ + II6 seconds and not operative at T^ + 1219 
seconds. All calibration levels during both evaluation periods were 
within the tolerance of jjB bit counts out of a range of 2k to 999 bits . 

12.3 RF Subsystem Performance 

The RP subsystem performance was satisfactory. A single sideband trans- 
mitter was installed -on the stage. During open loop operation the RF 
power measurements were siasceptible to the RF field; therefore, proper 
assessment of the RF system could not be accomplished. For worst case 
using the closed-loop power output and the open-loop reflected power, 
the PCM/FM VSWR was 1.70:lj and the SSB/FM VSWR was 1.55:1* 

The following table presents the PCM/FM and SSB transmitter output power 


and VSWR data for open- and closed-loop operation. 

RF Subsystem. Data 

Open-Loop Closed-Loop 

System Value* Value 

PCM/FM Transmitter Output Power 20.3 19 *T 

(minimum acceptable is 15 W) 

VSWR (maximum acceptable is 1.8:1) 1.70:1 1.60:1 

SSB/FM Transmitter Output Power 20.9 20.3 

(minimum acceptable is 15 W) 

VSWR (maximum acceptable is 1.8:l) 1.55:1 1.21:1 


*RF measurements were susceptible to RFI 
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12 '.\ Electromagnetic Compatibility 


The data acquisition system did not interfere with other stage systems 
in the areas of electromagnetic compatibility. However, measurements 
did exhibit data shift and noise caused by the susceptibility to the 
high RF field experienced on. the Complex Beta test stand'. See paragraph 
12.1 for the complete listing.. 

12.5 Emergency Detection System Measurements 

Measurements D01TT-h08 (Press- - LH2 Tank Ullage-, EDS,. No. l)., D0178-4o8 
(Press - LH2 Tank Ullage, EDS- No. 2), D0179.-^06 (Press - LOX Tank Ullage 
EDS No. 1,)}, and DOI8Q-U06 (Press - BOX Tank Ullage, EDS No. 2) all per- 
formed satisfactorily. 

12.6 Hardwire Data Acqyiisition System Performance 

The ground instrumentation system (GIS) provides a backup, and data com- 
parison for certain stage telemetry .system parameters in addition to 
recording measurements from, the ground support and facility equipment. 

The GIS also provides stripcharts for redline and cutoff-parameter 
monitoring. The GIS performance during acceptance firing was satis- 
factory. 

The following table presents the type of recording equipmexit and the 
nvimber of channels used. 


Ground Recorder 

Channels Assigned 

Beckman 210 Digital Data System 

176 

Constant Bandwidth FM 

63 

Wideband FM 

7 

Stripcharts 

36 
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Total 


282 



Table 12-5 presents a list of the various types of measurement data 
recorded and the performance of the system. 

12.6.1 Hardwire Measurement Discrepancies ' 

There were four measurement failures , yielding an overall hardwire 
measurement efficiency of 99*5 percent. Measurement discrepancies 
that occurred during the acceptance firing are listed in table 12-6 
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TABLE 12-1 

TELEMETRY SYSTEM PERFORMANCE SUMMARY 


FUNCTION 

NUMBER 
ASSIGNED 
PER IP&CL 

INACTIVE** 

NET ACTIVE 

DISCREPANCIES 

FAILURES 

PERFORMANCE* 

(percent) 

Acceleration (a) 

0 

- 

- 

- 

- 

- 

Acoustic (b) 

12 

10 

2 

- 

- 

- 

Temperature (C) 

61 

18 

k3 

1 

1 

97 -. 7 

Pressure (D) 

79 

2lt 

55 , 

1 

1 

98.2 

Vibration (e) 

3 • 

3 

0 

- 


- 

Flow (F) 

It 

0 

It 

0 

0 

100.0 

Position (G) 

g 

5 

3 

0 

-1 

66.7 

Events (K) 

71 


67 

6 

0 

100.0 

Liquid Level (L) 

7 

1 

6 

0 

0 

100.0 

Volt /Current /Freq (m) 

38 

2 

36 

2 

0 

100.0 

Miscellaneous (N) 

11 

■0 

11 

5 

0 

100.0 

Strain (s) 

0 

- 

- 

- 

- 

- 

Speed (T) 

2 

0 

2 

0 

0 

100.0 

TOTAL 

296 

67 

229 

9 

3 

98.7 

percent 


„ / . s Net Active - Failures 

^Performance (percent) = -r-: 

^ Net Active 

*»See Table 12-3 T/M Measurement Status 


X 100 
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TABLE 12-2 

TELEMETRY MEASUREMENT ANOMALIES 

I 


MEASUREMENT 

NO. 

PARAMETER 

REMARKS 

00382-403 

Temp - Burner Chamber Dome 

This measurement used for hardwire monitoring failed 
at T + 925 seconds s 4l4 seconds into the mainstage 
• burn. The sensor failed in the open circuit mode and 
failure was caused by stage vibrations. After exten- 
sive analysis conducted with the vendor (Rosemount), a 
weld fracture was discovered between the sensor element 
and the probe lead wire. Corrective action is being 
implemented by the vendor. 

D0002-403 

Press - LH^ Pump Inlet 

The measurement failed at engine cutoff. The data 
abruptly increased to off-scale-high, and subsequently 



remained in that condition. A calibration check on the 
transducer has shown that it exhibited a permanent 100% 
output voltage, indicating that it was in the off-scale- 
high mode. The* malfunction was the result of an exces- 
sive pressure transient at the pump inlet at engine, 
cutoff. This measurement has failed on previous accep- 
tance tests due to similar pressure transients. 

00010-401 

Position - P.U. System Ratio Valve 

The measurement was qualified as good, but the valve 
exhibited erratic operation on the acceptance firing 
data. It was removed post fire and tested per ECP 



J2-666 R1 Mod. Instruction R5436.666. • The valve failed 
this test and was replaced. 




TABLE 12-2 (Continued) 
TELEMETRY MEASUREMENT ANOMALIES 


MEASUREMENT 

NO. 

PARAMETER 

remarks 

N00l8-im 

Misc - PCM/FM Transmitter Output 

These measurements were susceptible to the high RF 

N0055-411 

Misc - T/M RE System Reflected Power 

environment experienced on the Beta test stand. 
Data shifts were observed when the RF system was 

noo6o-4ii 

Misc - Operational T/M Transmitter 
Output Power 

switched from open to closed-loop operation. The 
RACS level differences of open and closed loop also 

N006l-4ll 

Misc - Operational' T/M Reflected 
■ Power 

confirmed the RFI. N0055-411 and _ N0061-411. are 
more ‘susceptible because of their sensitivity in 
the operating range and include actual changes in 
'reflected power as well as RFI changes. The data 
shifts for,.N0055-4ll and N006l-4ll .-were -10^ and 
-13^ respectively. 

C019T-401 

Temp - Primary Instrumentation 
Package . 

These measurements indicated -a shift i-n ’rdata level ■ 
when the RF system was switched from open to closed- 

moo68-4ii 

Volt - SV Excitation Module , 
Fwd 2 

loop operation. All RFI data shifts were below the 
RFI criterion. The data shifts from open'to closed- 
loop were; C019T-401, +1^ ; ' M0068-4ll , +1^; M0063-4ll, 

,noo63-4ii 

Misc - PU Oven Stability Monitor 

+ 1 . 12 %. 

D0104-403 

Press - LH 2 Press Module Inlet 

The RACS calibration level was observed to drift 


, 

positively from Phase G (burner firing) to Phase D 
(mains tage firing). The drift was \% on high and 
2 % on low RACS levels in approximately 3-1/2 hours . 
This drift is not significant; however, subsequent 
drifting of this magnitude could cause an out-of-r 
tolerance condition. 

moo6o-4ii 

Volt - PU Valve Control 

This measurement indicated a shift in data level of 
+2^ when the RF system was switched from open to. 
closed-loop operation. The data shift is within the 
system EMI criteria. 
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TABLE 12-3 

IMCTIVE MEASUREMENTS 


MEASUREMENT 

NO. 

PARAMETER 

REMARKS 

B0028-402 

Acous - Sta 2548 

Simulated, aft interstage not installed 

B 0029-^^02 

Acous - Sta 25T4 

Simulated, aft interstage not installed 

B0030-lt02 

Acous - Sta 2589 

Simulated, aft interstage not installed 

B0031-402 

Acous - Sta 2T11 

Simulated, aft interstage not installed 

B0032-402 

Acous - Sta 2733 

Simulated, aft interstage not installed 

B0033-ii-02 

Acous - Sta 2529 

Simulated, aft interstage not installed 

B0034-U02 

Acous - Sta 2554 

Simulated, aft interstage not installed 

B0035-U02 

Acous - Sta 2589 

Simulated', aft interstage not installed 

B0036-402 

Acous - Sta 2726 

Simulated, aft interstage not installed 

B0038-ltOU 

Acous - Sta 2784 (Between 98-99 Ext) 

Deleted hecause of damaged transducer 

*00003-403 

Temp - Fuel Pump Inlet 

00003-403 was connected to element "B" of 
the dual element probe in place of 00648, 
equivalent hardwire measurement , to pro- 
vide greater accuracy in center of flow 
for redline monitoring 

COOOT-401 

Temp - Engine Oontrol Helium 

Bimulated-, APS not- -installed 

00021-415 

Temp - Attitude Oontrol Fuel Module 2 

Simulated, APS not installed 

00022-415 

Temp - Attitude Oontrol Oxid Module 2 

Simulated, APS not installed 

00023-414 

Temp - APS Helium Pressure Tank, Module 1 

Simulated, APS not installed 

00050-401 

Temp - Hydraulic Pump Inlet Oil 

Open , H/W 'requirement 

00102-411 

Temp - Forward Battery No. 1 

Simulated, primary battery not used 

00103-411 

Temp - Forward Battery No. 2 

Simulated, primary battery not used 


*This measurement installed in variance with IP&CL configuration. 
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TABLE 12-3 (Continued) 



PARAMETER 

REMARKS 

C010i^-i^0i^ 

Temp - Aft Battery No. 1 

Simulated, primary battery not used 

00105-^04 

Temp - Aft Battery No. 2 

Simulated, primary battery not used 

C0131-404 

Temp - Aft Battery No. 1, Unit 2 

Simulated, primary battery not used 

00132-414 

Temp - Attitude Oontrol Oxid, Module 1 . 

Simulated, APS not installed 

00136-414 

Temp - Attitude Oontrol Fuel, Module 1 

Simulated, APS not installed 

00187-415 

Temp - APS Helium Press Tank Module 2 

Simulated, APS not’ installed 

00200-401 

Temp - Fuel Inj . 

Open, H/W requirement 

00211-411 

Temp - Fwd Battery No. 1, Unit 2 

■Simulated, primary battery not used 

00212-404 

Temp - Aft Battery No. 2, Unit 2 

Simulated, primary battery not used 

00382-403 

, Temp ■- -02-H2 Burner Chamber Dome 

Open, H/W requirement 

D0027-4i4 

Press - Attitude Control, Chamber 1-1 

Simulated, APS not installed 

D0028-4i4 

Press - Attitude Control, Chamber 1-2 

Simulated, APS not installed 

D0029-4i4 

Press - Attitude Control, Chamber 1-3 

Simulated, APS not installed 

D0D30-415 

Press - Attitude Control, Chamber 2-1 

Simulated, APS not installed 

D0031-415 

Press - Attitude Control, Chamber 2-2 

Simulated, APS .not installed 

D0032-415 

Press - Attitude Control, Chamber 2-3 

Simulated, APS not installed 

D0035-414 

Press - Attitude Control, Helium Pressure 
Tank 1 

Simulated, .APS not installed 

D0036-415 

Press - Attitude Control, ' Helium Pressure 
Tank 2 

Simulated, APS not installed 

D003T-4i4 

Press - Helium Reg. Outlet, Module 1 (APS) 

Simulated, APS nqt installed 

D0038-415 

Press - Helium Reg. -Outlet, Module 2 (APS) 

Simulated, APS not installed 

D004i-403 

Press - Hydraulic System 

Open, H/W requirement 
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TABLE 12-3 (Continued) 


MEASUREMENT 

NO. 

PARAMETER 

REM^KS 

DOO.42-403 

Press - Reservoir Oil 

Open, H/W requirement 

dooto-4i4 

Press - Fuel Supply Manifold, Module 1 

Simulated, APS not installed 

D0O71-4i4 

Press - Oxid Supply Manifold, Module 1 

Simulated, APS not installed 

D00T2-415 

Press - Fuel Supply Manifold, Module 2 

Simulated, APS not installed 

D0073-415 ■ 

Press - Oxid Supply Manifold, Module 2 

Simiolated, APS not installed 

D0097-4i4 

Press - Fuel Tank Ullage Volume, Module 1 

Simulated, APS not. installed 

D0098-4i4 

Press - Oxid Tank Ullage Volume, Module 1 

Simulated, APS not installed 

D0099-415 

Press - Fuel Tank Ullage Volume, Module 2 

Simulated, APS not installed 

doioo-415 

Press - Oxid Tank Ullage Volume, .Module 2 

Simulated, APS not installed 

D0220-4i4 

Press - Ullage Control, Chamter 1-4 

Simulated, APS not installed 

D0221-415 

Press - Ullage Control, Chamber 2-4 

Simulated, APS not installed 

D0250-414 

Press - APS Helium Press, Tk 1 

Simulated, APS not installed 

D0251-415 

Press - APS Helium Press, Tk 2 

Simulated, APS not installed 

E0219-402 

Vib - Art I/S Edge of 70 Norm 

Open, aft I/S not installed 

E0220-402 

Vib - Aft I/S Bet 70-71 Norm 

Open, art I/S not installed 

E0221-402 

Vib - Aft I/S Edge of 71 Norm 

Open, art I/S not installed 

G0003-401 

Position - Main LOX Valve 

Simulated, H/W requirement 

G0004-401 

Position - Main Fuel Valve 

Simulated, H/W requirement 

G0005-401 

Position - Gas Generator Valve 

Simulated, H/W requirement 

G0008-401 

Position - LOX Turbine Bypass Valve 

Simulated, H/W requirement 

G0009-401 

Position - GH2 Start Tank Valve 

Simulated, H/W requirement 

K0020-401 

Event - AS I LOX Valve Open 

Open, computer requirement 







12-12 


TABLE' 12-3 (Continued)' 


1 MEASUREMENT 
NO. 

PARAMETER 

REMARKS 

K0126-401 
K0127-40il 
K0152-40U . 
L0007-403 
M0073-404. 

moot4-4o4 

‘ Event - LOX Bleed Valve Closed 
Event - LHg Bleed Valve Closed 
Event - Rate Gyro Wheel Speed OK ■ 

Level - Reservoir Oil 

Voltage - Op-Hg Burner Spark Exciter - 2 
Voltage - O 2 -H 2 Burner Spark Exciter - i 

Open, computer requirement 

V 

Open, computer requirement 
Simulated, rate gyro not' installed 
Simulated, H/W requirement 
Open, computer requirement 
Open, computer requirement 




'i'ABLK 12 -U 

'I'filLJ'M Krill' TO HAHDWIHJ!: DATA COMPARISON (T^ + 5 T 1 sec) 




TELEMETRY 


HARDWIRE 


PARAMETER 

UNITS 

MEAS 

NO. 

PCM 

MEAS 

NO. 

GIS 

F/M 

Temp - LHg Tiorbine Inlet' 

deg R 

COOOl 

1,599 

CO755 

1,558 

1,560 

Temp - LH^ Pump Inlet 

deg R 

C 0003 

37.6 

CO658 

37.5 

37.2 

Temp - LOX Pump Inlet 

deg R 

coook 

i 64.4 

CO659 

164.2 

164-.1 

Temp - GH^ Start Bottle 

deg R 

cooo6 

2 l 4 

co 649 

221 

— 

Temp - Electrical Control 

deg R 

cooil 

510 

CO657 

510 

— 

Assembly 







Temp - Gas Generator Fuel Bleed 

deg R 

C 0012 

53.9 

CO650 

53.6 

— 

Valve 







Temp - LOX Pump Discharge 

deg R 

C 0133 

169.5 

C 0648 

169.6 

169.6 

Temp - LH^ Pvunp Discharge 

deg R 

C 0134 

51.5 

C 0644 

51.5 

51.4 

Temp - Thrust Chamber Jacket 

deg R. 

C 0199 

136 

co 645 

150 

— 

Temp ~ Cold Helium Sphere No. 4 

deg R 

'cb210 

29.0 

CO661 

36.4 

— 

Press - Thrust Chamber 

psia 

DOOOl 

785 

D0524 

811 

— 

Press - LHg Pump Inlet 

psia 

D 0002 

30.6 

D0536 

31.7 

31.7 

Press LOX Pump Inlet 

psia 

D 0003 

4 i .9 

DO 5 37 

42.7 

42.2 

Press - Main LH^ Injector 

psia 

D 0004 

872 

DO518 

865 

875 ■ 

Press - LHg Pump Discharge 

psia 

D 0008 

1,215 

DO516 

1,237 

1,260 

Press - LOX Pump Discharge 

psia 

D 0009 

1,053 

DO 522 

1,059 

1,065 

Press - Gas Generator Chamber 

psia 

DOOlO 

680 

DO53O 

660 

665 

. Press - Control Helium Reg. 
Discharge 

psia 

D 00 l 4 

565 

DO58I 

578 

585 

Press - GHg Start Bottle 

psia 

D 0017 

1,199 

DO525 

1,195 

1,200 . 

Press - Engine Reg. Outlet 

psia 

D 0018 

4 11 

DO535 

4 i 0 

— 

Press - Engine Control He Sphere 

psia 

D 0019 . 

2,853 

DO534 

2,864 

— 

Press “ LHg Repress Sphere 

psia 

D 0020 

2,891 

DO513 

2,924 

— 

Press - LOX Turbine Outlet 

psia 

D 0086 

32.0 

DO533 

32.7 

— 

Press - LOX Repress Sphere 

psia 

D 0088 

2,889 

DO 512 

2,914 


Press - LH^ Tank Ullage 

psia 

D 0177 

31.9 

DO539 

32.5 

— 

Press - LH^ Tank Ullage 

psia 

DOI78 

32.1 

DO539 

•32.5 

. 

Press - LOX Tank Ullage EDS 1 

psia 

DOI79 

39.6 

DO54O 

40.0 
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TABLE 12-L (Continued) 


TELEMETRY TO' HARDWIRE DATA COMPARISOI'I (T^ +571 sec) 


PARAMETER 


TELEMETRY 

HARDWIRE 

’MEAS 
• WO. 

PCM 

MEAS' 
, WO. 

GIS 


Press - LOX Tank Ullage EDS 2 

psia 

D0180 

40.3 

DO 54 O 

4 o.o. 


Press - Ambient Helium Sphere . 

psia 

D0236 ' 

2,873 

DO 541. 

2, '915 

— 

Press - Common Bulkhead Internal 

psia 

D0237 

0.0 

DO 54 5 

0.0 

— ‘ 

i 

Press - Cold Helium Sphere 

psia 

DO 261 

2,234 

DO 542 

— 

— 

Flowrate - LOX 

gpm 

FOOOl 

2,888 

FO 506 

2,879 

2,879 ! 

Flowrate - LH^ 

gpm 

F0002 

7,933 ■ 

FO 5 O 7 

7,848 

7,843 ' 

t 

Position “ Pitch Actuator 

deg 

GOOOl 

0.0 

GO 50 4 

0.1 

0.0 

Position " Yaw Actuator 

deg 

G0002 

0.0 

GO 505 

0.0 

0.0 

Position - PU Valve 

deg 

GOO 10 

29.5 

GO 503 

29.5 

29.5 

Voltage ~ Engine Control Bus 

vdc 

MOOO 6 

28.3 

MO 514 

28.3 

28.3 

Voltage - Engine Ignition Bus 

vdc 

MOOOT 

28.6 

MO 515 

28.5 

28.4 , 

Voltage - Aft Battery 1 

vdc 

M0014 

27.9 

M054i 

. 28.6 

28.4 

Voltage - Aft Battery 2 

vdc 

MOOI 5 

56.8 

MO 540 

56.5 

56.5 

Voltage - Fwd Battery 1 

vdc 

MOO 16 

28.1 

MO 543 

28.3 

29.0 

Voltage - Fwd Battery 2 

vdc 

MOOI 8 

27.3 

MO 542 

27.7 

- 28.0 

Current - Fwd Battery 1 

amp 

M0019 

16.5 

M0T31 

18.3 

18.7 . 

Current - Fwd Battery 2 

amp 

M0020 . 

4.7 

MO 732 

4.5 

4.7 

Current - Aft Battery 1 

amp 

M0021 

12.0 

MO 733 

13-0 

12.5 

Current - Aft Battery 2 

amp 

M0022 

47.0 

MO 734 

48.0 

48.0 

Speed - LOX Pimtip 

rpm 

TOOOl 

8,577 

TO 502 

8,604 

8,605 * 

Speed - LHg Pump 

rpm 

T00G2 

26,798 

TO 5 O 3 

26 ,716 ■ 

26,695 
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TABLIC 12-5 

HARDWIRE DATA ACQUISITION SYSTEM 


MEASUREMENT 

TYPE 

RECORDED 

DISCREPANCIES^ . 

SUCCESSFUL 

(percent) 

Pressure 

96 

1 

98.9 

Ten^eratiire 

46 

2 

95.6- 

Plow 

2 

0 

100.0 

Position 

10 

0 

100.0 

Voltage-Current 

19 

0 

100.0 

Events 

674 

1 

99.9 

Speed 

2 

0 

100.0 

Level ■ 

1 

0 

100.0 

Vibration 

5 

0 

100.0 

Miscellaneous 

2 

0 

100.0 

. TOTAL 

857 

4 

1 

99.5 

percent 


*A data discrepancy does not necessarily mean that no data were gathered 
for this measurement. Refer to table 12-6 for a description of the problem. 
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TABLE 12-6 

HARDWIRE MEASUREMENT DISCREPANCIES 


MEASUREMENT 

NO. 

PARAMETER 

REMARKS 

C065it-401 

Temp - Fuel Pump Turbine Outlet 

The hardwire measurement C0654-401 esdiibited up to 
5^ noise on the FM data. 

CO 71 5-BO 3 

Temp - Upstream Fluid Facility- 
Metering Orifice 

The measurement had up to noise on the digital 

data. 

DO 5 77-40 6 

Press - Oxidizer Tank Ullage, 
Umbilical 

This is a flight transducer (landline) that will give 
data up to liftoff. The measurement failed at 
Tq + 925 seconds. 

KO 676-411 

Eyent - LH 2 Fast Fill Sensor Wet 
Condition On 

When switch selector channel I 7 , P.U. Mixture Ratio 
4.5 to 1 ON Command was sent at .11:25:08.481 .and 
i 4;28:06.169 ^ K0676-4ll LH 2 Fast Fill Sensor exhibited 
a momentary ON-OFF cycle of 1 and 3 ms, respectively. 




SECTION 13 


ELECTRICAL POWER AND CONTROL SYSTEMS 


13. ELECTRICAL POV/ER AND CQMTROL SYSTE^'K 

13.1 Electrical Control System ■ 

The operational integrity of the electrical control system was verified 
through the evaluation of the seq.uence of events records from the 
digital events recorder (DER) and the PCM flight measurement events 
data (section 5). The switch selector and sequencer operated properly, 
in sending all control commands to the stage, and all of the commands 
were received in the stage. 

13.1.1 J-2 Engine Control System 

All measvirements verified that the engine control system responded 
properly to the engine start and cutoff commands. The sequence of 
events (section 5)- lists the engine firing events and response times. 


13-1.2 Secure Range Safety Command System 


The. secure range safety command system was tested during the engine bum 

phase to verify the oapahility of engine cutoff and propellant dispersion. 

^ ( 

Evaluation of the data showed that the arm and engine cutoff (ECO) and 
propellant dispersion (P/D) commands were received, and that the EBW 
firing units (F/U) discharged into their respective pulse sensors. The 
following measurements were evaluated for system performance: 


koi4i-4ii 
K0142-411 
«K0650-411 
*Ko65i-ini 
*K0659-4ii 
*ko66o-4ii 
*K0 678-411 
*K0679-4ii 


Event - E/S 
^ent - R/S 
Event - P/D 
Event - P/D 
Event - R/S 
Event - R/S 
Event - R/S 
Event - R/S 


1 EBW Pulse Sensor Indication 
2‘ EBW Pulse Sensor Indication 
EBW F/U 1 Power On 

EBW F/U 2 Power On 

2 Arm and ECO Command Received 

1 Arm and ECO Command Received 

2 Receiver Power On 

System 2 Off Command Received 


^Hardwire Meastirement . 






*ko68o-Hii 

*K 068 i-iai 

*K0692-1;o4 

%0693-Uo4 

MOO 30 -U 11 

M0031-411 

Noo57-iai 

woo62-iai 

*K5757-B03' 

*K5758-B03 

*K5759-B03 

K2Uo4-U11 

K2ll05-4ll 


Event - R/S 1 Receiver Power On 

Event - R/S 1 Off Command Received 

Event. - R/S 2 EBW Arm and Cutoff Command On 

Event - R/S l^EBW Arm and Cutoff Command On 

Volts - R/S 1 EBW Firing Unit 

Volts - R/S ‘2 EBW Firing Unit 

Misc - R/S 1 Low Level Signal Strength 

Misc - R/S 2 Low Level Signal Strength 

Event - R/S Tone 1/Propellarit Dispersion Command 

Event - R/S Tone 2/EBW Arm and ECO Command 

Event - R/S Tone 6/System Off Command 

Event - R/S 1 Propellant Dispersion Command Received 

Event - R/S 2 Propellant Dispersion Command Received 


13.1-3 Control Pressure Switches 

A review, of the event and pressure measurements associated with the 
following pressure switches verified that each switch functioned 
properly dxiring.the acceptance firing test. Following is a list of 
the measurements used for each respective pressiire switch, verification. 

a. LOX Tank .Ground Fl2j- Valve Control, Prepress, Flight Control, 
and Repress Pressure Switch 

K0102-Uo^ Event - ,LOX Prepress and Flight Control 

Switch - Energized 

*K0563-^0i^ Event - LOX Prepress and Plight Control 

Switch - Energized 

K0108-i*04 Event - LOX Prepress Flight Switch - 

De-energized 

D0179-^06 PressTrre - LOX Tank Ullage EDS 1 

D0l8O-ilO6 Pressure - LOX Tank Ullage EDS 2 

*K0571-^0it Event - Cold He SOV Energized - Indication 

*K0ifi)-it-40,3 Event - LOX Tank Repress Valve - Energized 

h. LOX ‘Tank Repress 'Regulator Backup Pressure Switch 

■*K0444-403 Event - LOX Tank Repress Valve - Energized 
D0228-403 Pressure - LOX/LHg Burner LOX Press .Coil 

^Hardwire Measurement 
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h. LOX Tank Regulator Backup Pressure Switch 

K0156-lt0U Event - LOX Tank Regulator Backup Pressure 

Switch’ - Energized 

*K0571-^04 Event - LOX Tank Cold He SOV Energized - 

Indication 

D0105-^03 - Pressure - LOX Tank Pressurization Module 

He Gas 

13.1.^ Vent Valves' 

The following measurements verified the satisfactory operation of the . 

LOX and LHg tank vent valves , and the LH^ tank directional valve : 

»• 

K0001-4iO; *K0532-^10 Event - Fuel Tank Vent Valve 1 - Closed 

KOOlY-UlO; *K05^2-i^l0 ' Event - Fuel Tank Vent Valve 1 - Open 

Talkback 

K0002-424i *K0533-^24 Event - Oxld. Tank Vent Valve 1 - Closed 

K0016-Uo4j *K05^3-^Ok Event - Oxid. Tank Vent Valve 1 - Open 

Talkback 

K0113-411 Event - LH 2 Tank Directional Vent Valve C - 

Closed 

KOllU-Ull Event - LHg Tank Directional Vent Valve D - 

Closed 

13.1.5 Chilldown Shutoff Valves 

The LOX and LH^ chilldown shutoff valves responded properly to commands 

as verified by the following measurements : 

K0136-li09; *K0551"409 Event - LHg Chilldown Shutoff Valve - Closed 

K0137-^09; *K05^^-^09 Event - LH 2 Chilldown Shutoff Valve - Open 

Talkback 

K0139-^24; »K0552-42lt Event - LOX Chilldown Shutoff Valve - Closed 

K0138-424j *K0545-424 Event - LOX Chilldown Shutoff Valve - Open 

Talkback 


^Hardwire Measurement,. 
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c. LHg Tank Bepress Regulator Backup Pressure Switch 

Bvcnb ~ Ll!p Tank Hepreos Valve - Krun-gi v.ed ' 
b023l-^03 ' Pressure - GOX/GH2 Burner LHp Press Coil 

d. Control (Amhient) Heliiom Regulator Backup Pressure Switch 

D0014-U03 Pressure - Control Helium Regulator, Discharge 

■e. LH2 Ground Fill Valve Control, Prepress, Flight Control, and 
Step-Pressure Switch 

K0184-4o 4 Event - LH2 Flight Control Pressure Switch - 

Energized 

*K06i6-4o 4 Event - LHg Tank Prepressurization Pressure 

Switch — Energized 

K0101-4o 4 Event - LHp Repress Control Switch - 

De-energized 

*K0582“4o 4 Event ~ LH2 Tank Repress Pressure Switch - On 

*K0524-4o4 Event - LH2 Tank Flight Pressvire Valve - 

Energized 

*K0523-4o 4 Event - LH2 Tank Step-Pressuire Valve - 

Energized 

D01T7-4o 8 Pressiare - LH2 Tank Ullage EDS 1 

D01T8-4o 8 Pressure - LH^ Tank Ullage EDS 2 

f. LE^ Tank Repress Pressure Switch 

K0101-4o 4 Event - LH2 Repress Control Switch - 

De-energized 

*K0582-4o 4 Event - LH2 Tank Repress Pressure Switch - On 

*K0443-403 Event - IH2 Tank Repress Valve - Energized 

D01T7~4o 8 Pressure - LH2 Tank Ullage EDS 1 

D0178-4o 8 Pressure - LH2 Tank Ullage EDS 2 

g. Engine Pump Purge Control Module Pressiare Switch 

K0105-4o4 Event - Pump Purge Regulator Backup - 

. De-energized 

*K0456-4o4 Event - Seal Pump Purge Control Regulator 

Backup Pressure Switch - De-energized 

*K0566-4o 4 Event - Engine Pump Purge Control Module 

Solenoid Valve — Energized 

D0050-403 Pressure - Engine Pump Purge Regulator 

Pressure 

*Hardwire Measurement. 


13-3 



13.1.6 Fill and Drain Valves (Fuel and LOX) 

A review of the following events . showed that the LOX and LH^ fill and 
drain valves operated according to the GSE commands issued. 

K0003-^27 ; *K055^-404 Event - LH2 Tank Fill and Drain Valve - 

Closed 

*K0546-4o 4 Event - LHg Tank Fill and Drain Valve - 

Open Talkback ’ ‘ 

K0003-427 ; *K0553-4o 4 Event - LOX Tank Fill and Drain Valve - 

Closed 

*K0547-4o 4 Event - LOX Tank Fill and Drain Valve - 

Open Talkback 

13.1.7 Depletion Sensors 

A review of the following measurements showed that the LOX and LH^ 
depletion sensors performed satisfactorily, and no anomalies were 
observed during the test: 

*K0601-4o 6 Event - LOX Depletion Sensor No. 1 - Wet 

*K0602-4o 6 Event - LOX Depletion Sensor No. 2 - Wet 

*K0603-4o 6 Event - LOX Depletion Sensor No. 3 - Wet 

^K0449-4o 4 .Event - LOX Depletion Sensor No. 4 - Wet 

*K0597-4o 8 Event - LH^ Depletion Sensor No. 1 - Wet 

*K0598-4o 8 Event - LHg Depletion Sensor No. 2 - Wet 

*K0599~4o 8 Event - LHg Depletion Sensor No. 3 ~ Wet 

*K0450-4i 1 Event - LH^ Depletion Sensor No. 4 - Wet 

13.2 Auxiliary Propulsion System (APS) Electrical Control System 

The APS simulators. Model DSV-4B-188 b, were used during the acceptance 
firing to verify the APS-stage interface control functions. The APS . 
pitch and yaw program, which is monitored by measurements K0133-4o4 and 
K0135-4 o 4, was not exercised during this firing. This was due to the 
fact that the nonprogrammed engine cutoff caused a deviation from the 
normal acceptance firing sequence. 

^Hardwire Measiirement . 
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The remaining measurements that were evaluated are listed below; 
listed below: 

Specified Specified 
Min Value Max Value 
(Vdc) (Vdc)' 

K0132-^t0ii Event - APS Eng. 1-1/1-3 Feed Valves^ Open 3.33 3.46 

K0134-4o 4 Event - APS Eng. 2-1/2-3 Feed Valves Open 3,23 3.35-' 

The specified minimum value of 3.2 Vdc indicates that all of the feed 
valves operated according to commands . 

13.3 Electrical Power System 

The electrical power system performed satisfactorily throughout the 
acceptance firing. It supplied power to other stage systems, as required, 
and the external/ internal motor-driven switches functioned properly. 

13.3.1 Battery Simulators 

Secondary batteries were used to provide internal electrical power 
during the acceptance firing test. The battery voltage and ciirrent 
levels were measured at the Stage Battery Simulators, Model ’ DSV- 4B-727 , 
and these levels remained within their required limits. Figures 13-1 
through 13-8 are plots showing the voltage and current levels at the 
batteiy simulators during selected phases of the acceptance firing test. 

13.3.2 PU Static Inverter Converter 

The static inverter converter operated satisfactorily during the 
burner repressurization test and the mainstage firing test. Voltage and 
frequency levels during the acceptance firing test are given below. 

Measurements and Actual Actual 

Characteristics Acceptable Limits Min. Value Max. Value 

MOOOI-411 Voltage 115.0 ;^3.45 Vrms ll4.4 Vrms ll4.4 Vrms 

MOOO 4-411 Voltage 4.9 +0.2 Vdc 5-0 6 Vdc 5.07 Vdc 

M002 3-411 Voltage 21.0 + ^’^ Vdc 22.17 Vdc 22.17 Vdc 

M0012-411 Frequency 400.0 +6.0 Hs 403.7 Hz 403.9 Hz 
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13.3.3 Chilldown Inverters 


The inverters performed satisfactorily during the malnstage firing test 
and the 02“^2 repressurization test. The phase voltages and 

frequencies are listed "below. 


Measurements and 
Characteristics 

Acceptable Limits 

Actual 
Min. Value 

Actual 
■Max. Value 

M0027-^04 Phase A-B, 
LOX C/D Inverter 

56 

+4 Vac 

55.5 Vac 

58.0 Vac 

M0040-4o 4 Phase A-C, 
LOX C/D Inverter 

56 

^4 Vac 

55.5 Vac 

58.0 Vac 

M0029-4o 4 Frequency 
LOX C/D Inverter 

4oo 

+10 Hz 

399.5 Hz 

399.8 Hz 

M0026-4o 4 Phase A-B, 
LHg C/D Inverter 

56 

+4 Vac 

55.0 Vac 

58.0 Vac 

M0041-4o 4 Phase A-C, 
LHg C/D Inverter 

56 

+4 Vac 

55.0 Vac 

58.0 Vac 

MO 028-40 4 Frequency 

400 

+10 Hz 

399.5 Hz 

401.0 Hz 


LHg C/D Inverter 

13.3.^ 5-Volt Excitation Modules 


The fonrard and aft 5-Volt excitation modules performed as expected 
during the acceptance firing test. The actual performance values are 
shown "below: 


Measurements and 
Characteristics 

Acceptable Limits 

Actual 
Min. Value 

Actual 
Max. Value 

M0025-4o 4 Aft Voltage 

5.0 +0.03 Vdc 

4.99 Vdc 

5.00 Vdc 

M0024-411 Forward 1 
"Voltage 

5.0 +0.03 Vdc 

5.00 Vdc 

5.00 Vdc 

M0068-411 Forward 2 
Voltage 

5.0 +0.03 Vdc 

4.99 Vdc 

5.00 Vdc 
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13.^ Separation Exploding Bridgewire (Ullage Rocket EBW) System 


Since live ordnance is not installed, EBW pvilse sensors are rised during 
the acceptance firing to verify the opei:ational integrity of the stage 
electrical control system in; providing the commands necessary to charge,' 
fire, and ;}ettison the ullage rockets. The measurements given helow 
furnished the -data vised to verify this integrity: 


koiU9-4oJj 

Event 

' K0150-404 

Event 

koit6-4o4 ' 

Event 

koi77-4o4 

Event 

*K0673-4o4 

Event 

MOG64-4o4 

Volts 

moo65-4o4 

Volts 

M0067-4o4 

'Volts 

moo68-4ii 

Volts 


Ullage Rocket 
Ullage Rocket 
Ullage' Rocket 
Ullage Rocket 
Ullage Rocket 
Ullage Rocket 
Ullage Rocket 
Ullage Rocket 
Ullage Rocket 


Jettison EBW P/S i indication 
Jettison EBW P/S 2 Indication 
Ignition EBW P/S 1 Indication 
Ignition EBW P/S 2 Indication 
Pilot Relays Reset 
Ignition, EBW P/U 1 
Ignition, EBW P/U 2 
Jettison, EBW F/U 1 
Jettison, EBW F/U 2 
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The .operation of . the with respect to. the operational 

integrity of the electrical control system', was normal and no pro'blems 
were encountered. The sequence of events (section 5) verifies that 
burner control commands were sent and received, and that instrumentation 
response and talkback signals occurred as predicted. The 'voltage and 
cvirrent profiles of the bat'tlery simulators' during the burner firings are 
presented in figures 13-5, 13-6, 13-T, and 13-8. 


*Hardwire -Measurement . 



CURRENT (AMP) VOLTASE (VDC) 



Figure 13-1. Forward Battery No. 1 Profile (Mainstage Firing) 
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Figure 13-3. Aft Battery No, 1 Profile (Mainstage Firing) 
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Figure 13-4. Aft Battery No. a Profile (Mainstage Firiag) 
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Figure 13-5. Forward Battery No. 1 Profile (02“^2 Firing) 
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Figure 13-6. Forward Battery No. 2 Profile (O 2 -H 2 Burner Firing) 
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Figure 13-7. Aft Battery No. 1 Profile (O 2 -H 2 Burner Firing) 
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Figure 13-8. Aft Battery No. 2 Profile (O 2 -R 2 Firing) 
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SECTION U 


HYDRAULIC SYSTEM 


14. HYDRAULIC SYSTEM 


14.1 Hydraulic System Operation 

The hydraulic system test program was conducted during countdown 
number 614116 during which the engine was successfully positioned and 
gimbaled. System running time for this test* from auxiliary pump ON 
prior to simulated liftoff to auxiliary pump OFF following cutoff, was 
1,563 sec. The gimbal program was initiated after the engine start side 
loads subsided and the support links dropped. The auxiliary pump was 
turned off for 50 sec following the gimbaling program to verify satis- 
factory engine-driven pump operation. 

Significant event times are presented in the following table: 

Event Approximate Time (sec) 


Auxiliary Pump ON 

Tq -476 

(Simulated Liftoff) 

(Tq +0) 

Engine Ignition (engine-driven 
pump start) 

Tq +512 

Support Links Dropped 

Tq +558 

Gimbal Program Start 

Tq +581 

Gimbal Program Stop 

Tq +637 

Aiixiliary Pump OFF 

Tq +657 

Auxiliary Pump ON 

Tq +707 

Engine Cutoff 

Tq +971 

Auxiliary Pump OFF 

Tq +1,087 


14.2 System Pressure at Salient Times 

The GN 2 accumulator precharge pressure was 2,246 psia at 44 deg F just 
prior to starting the auxiliary hydraulic pump ( T -500 sec). Correcting 
the gas pressure to 70 deg F temperature, the pressure value was within 
the 2,350 +50 psia allowable limits. 
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'I’uFic data Ltid Lcatf-d that tlie auxiliary pump d L» charge presuurc inc.re.tned 
to 3,650 psLa in 19 sec after energizing the pump motor. Acceptable 
pvirap" pressure was maintained from -476 sec through -0. 

( 

During the brief period of auxiliary pump cutoff (50 sec), the engine- 
driven pmp pressure was 3,580 psia. This test indicated that the 
engine-driven pump was operating properly and within the required limits. 

Aft battery No. 2 current (45 amp) shows that the auxiliary pump carried 
most of the hydraulic internal leakage load throughout the bum period, 
indicating the auxiliary hydraulic pump compensator was set above the 
engine-driven pump compensator. 

One anomaly occurred during the static firing. The auxiliary hydraulic 
pump canister pressure regulator allowed the canister pressure to exceed 
the limits of 15 +5 psig. Action is being taken to correct this 
anomaly'. 

The following is a tabulation of the remaining significant pressures; 



Time (sec) 

System Pressure 
(psia) 

GN 2 Pressure 
(psia) 

Reservoir 

Pressure 

(psia) 

''o 

-457 

(aux pump ON) 

3,650 

3,593 

170 

^0 

+0 (Simulated 
Liftoff) 

3,650 

3,615 

178 

^0 

+520 (After 
Ignition) 

3,650 

3,619 ■ 

180 

T 

"0 

+581 to 636 
(Gimb al) 

3,650 max 
3,580 min 

3,619 max 
3 ,541 min 

180 max 
177 min 

^0 

+970 (Prior to 
aux pump OFF) 

3,660 

3,600 

180 

14.3 Reservoir Level at 

Salient Times 




Re:iervoir level prior to system operation was 91 percent at an oil 
temperature of 45) deg F. The minimum level during operation was 
34 percent which occurred 76 sec after auxiliary pump start. 
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14.4 Hydraulic Fluid Temperature History 


Time (sec) 

■Engine-Driven 
Pump Inlet 
(deg F) 

Reservoir 
(deg F) 

Accumulator GN> 
(deg F) 

Tq -476 

(aux pump ON) 

50 

45 

44 

T +0 (Simulated 
Liftoff) 

70 

67 

52 

Tq +520 (After 
Ignition) 

88 

77 

52 

T +971 (Engine 
Cutoff) 

100 

86 

52 

T +1,087 (aux 
pvuap OFF) 

100 

86 

52 

14.5 Engine Side Loads 





Peak loads in the support links during engine start transients were as 
follows: 


Item 


Pitch Link 
Yaw Link 


Load (ibf) 
+20,000 - 14,000 

+ 12,000 - 21,000 


14.6 Hydraulic Fluid Flowrates 

) 

Approximations from reservoir fill- and emptying rates are presented in 
the following table: 

Allowab le 

Item Flow (gpm) (gpm) 


System Internal Leakage 


0.72 


0.4 to 0.8 


Auxiliary Pump Max 1.68 1.50 rain 

Flowrate 
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14.7 Auxiliary P’uinp Motor Voltage and- Current 

> 

Auxiliary pump motor electrical data were monitored only after the stage 
power source had switched to internal power~(hattery) -and after the ' . 
chilldown pumps had shutdoTO. The design requirements are as follows: 


Voltage 


51-61 vdc 


Max Starting 
Current 


300 amp 


Max Operating 
Current 


85 amp 


The following table .shows the values observed during the firing: 


Time (sec) 


Aft Bus No. 2 
Voltage Supply (M540) 
(V) -■ . 


Aft Battery No, 2 
Current Load (M022) 
(amp) 


Tq40 . 

' I 

Tq +530. (after’ 

ignition C/D pumps off) 


-T +581 to +637.. 
. (Girabal) •. 


56.5 max 
55 min 


"12 max 
48 min 


Tq +707 (Turn aux pump on 
after brief shutdown) 


46 min 


190 peak 


T„ +950 (prior to engine 
^ C/0) 


56.5 . 
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SECTION 15 


FLIGHT CONTROL SYSTEM 


15. FLIGHT CONTROL SYSTEM 


The dynamic response of the hydraulic servo thrust vector control system 
was measured while the J-2 engine was gimbaling during the acceptance 
firing. Tlie performence of the pitch and yaw hydraulic servo control 
system was acceptable. 

15.1 Actuator Dynamics 

The frequency response test of the pitch and yaw hydraulic servo control 
system for a +0.50 deg. sinusoidal signal between 0.6 and 9 cps, and for 
a +0.25 deg. sinusoidal signal between 0.6 and 2 cps verified the accept- 
ability of the actuator responses. The acceptable limits and the gain 
and phase plots within these limits are presented in figures 15-1 and 
15-2. 


15.2 Engine Slew Rates 


A nominal 2~deg step command was applied to the pitch and yaw actuators 
from which the engine slew rates x<;ere determined. The minimum acceptable 
engine slew rate is 8 deg/sec, which corresponds to an actuator piston 
travel rate of 1,66 ips. A nominal slew rate for a 2-deg step without 
the effects of gimbal friction is 13.6 deg /sec. The measured values 
were acceptable and are listed in the following table; 


Actuator 

Condition 

Engine Travel 
(deg) 

Engine Sle' 
(deg/se 

Pitch 

Retract 

0.0 to + 2.0 

11.4 


Extend 

+2.0 to 0.0 

11.8 


Extend 

0.0 to - 2.0 

12.5 


Retract 

-2.0 to 0,0 

11,4 

Yaw 

Extend 

0.0 to + 2.0 

11.8 


Retract 

+2,0 to 0.0 

11.4 


Retract 

0.0 to - 2.0 

11.6 


Extend 

-2.0 to 0.0 

11.9 
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The minimum engine slew rate obtained is 11.^ deg/sec. This corresponds 
to an actuator piston travel of 2.36 ips when using a conversion of 4.83 
■deg of engine movement per inch of actuator travel. Thus, in all cases, 
each actuator exceeded the minimum acceptable piston travel rate of 1.66 
ips. 
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FIGURE ff- 1 • ACTUATOR . RESPONSE - GAIN 
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■ FIGURE .1 5-t actuator' RESPONSE - PHASE LAG 







STRUCTURAL SYSTEMS 


16; STRUCTURAL SYSTEMS 

Structural' integrity of the S-IVB-508 Stage was maintained for the vibra- 
tion, temperature, pressure, and thrust load conditions of the acceptance 
firing. With the exception of debonding and cracking of Korotherra 
ablative coating at two local areas on the forvrard skirt, no structural 
irregularities were encountered as a result of cryogenic loading, static 
firing, and ^ 2~^2 filing The damaged Korotherm coating is to be 

repaired under the direction of the Materials and Methods/Research and 
Engineering (MMRE) department. The Korotherm damage does not occur under 
CDDT or launch conditions at FTC due to the more effective thermal condi- 
tioning of the f ort^ard skirt at the launch facility . 

16 . 1 Common Bulkhead 

The results of the gas sample surveys, combined with satisfactory common 
bulkhead decay checks, indicate the bulkhead is sound and leak tight. 
During the actual acceptance firing, the bulkhead internal pressure 
readings were less than 1 psia. Gas sample analyses consistently indi- 
cated negligible quantities of hydrogen and helium gases within the 
common bulkhead. The pressure decay history and gas sample analyses 
recorded during prefire pumpdown, static firing, and post-firing activ- 
ities are presented in Report DAC-61241, S-IVB-508 Stage .Acceptance 
Firing 15-Day Report Sacramento Test Center , dated March, 1969. 

16.2 Exterior Structure 

A post-firing visual inspection of the S-IVB-508 stage exterior and 
accessible interior revealed no debonding of supports or brackets . The 
only evident structural degradation was debonding and cracking of Koro- 
therm ablative coating around the forward skirt auxiliary tunnel area. 

The areas affected were 3 by 4 in. between stringers 13 and 14, a 4-in. 
hairline crack between stringers 14 and 15, and 2 by 3 in. on the flange 
between stringers 13 and 14. No cracking or peeling was noted in the 
main tunnel area. 
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16.3 LH2 Low Pressure Ducts 


After acceptance firing, leak checks of the upper and lower duct vacuum 
jacket cavities indicated pressures close to ambient. Both xjere rejected. 
It was subsequently determined, however, that loss of vacuum. in the upper 
jacket was not due to part failure. A loose vacuum valve or fitting was 
suspected as being" the cause of loss of vacuum. Cracks were discovered 
in the middle bellows of the lower duct, and a Supplemental Failure 
Analysis is in progress on the lower duct.' 

16.4 Acoustic Environment 

There were three flight acoustical measurements monitored on the aft 
skirt during the acceptance firing. One of the measurements was deleted 
during the firing because of a damaged transducer. The transducer will 
be replaced for flight. The acoustical levels- shown in figure 16-1 were 
in agreement to those measured during past acceptance firings. 
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Figure 16-1. Acoustical Levels 
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SECTION 17 


THERMOCONDITIONING AND PURGE SYSTEMS 


17. THERMOCONDITIONING MD PURGE SYSTEMS 


17.1 Aft Skirt Thermo conditioning and Purge System 

The aft skirt environmental purge system thermally conditioned the aft 
skirt area with air and GN2. The air purge was initiated prior to LOX 
loading and was switched to GN2 prior to LH2 loading. Following LH2 
loading, the air purge was reinitiated for test stand inspection, and 
then was switched back to GN2 for the rest of static firing. The purge 
flowrate was maintained essentially constant at the nominal 3,600 scfm, 
and the aft skirt environmental temperature (C0663) was approximately ■ 
constant at 511 deg. R. 

17.2 Forward Skirt Environmental Control and Thermoconditioning Systems 

17.2.1 Forward Skirt Purge 

The forward environmental purge system supplied the forward skirt with 
thermally conditioned GK2. The GN2 purge of the forward skirt was 
initiated prior to LOX loading and continued throughout the test until 
the completion of the tank purges. A flowrate of 500 scfm was maintained. 
The forward skirt GN2 supply temperature (C0768) was maintained between 
499 and 503 deg. R, 

17.2.2 Forward Skirt Thermoconditioning System 

The forward skirt thermoconditioning system was supplied with coolant 
throughout the acceptance firing by the Model DSV-4B-359 Servicer. The 
coolant supply ■ temperature (C0753) was maintained between 518 and 520 
deg. R. 
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SECTION 18 


EFFECTIVENESS ENGINEERING 


l8 . Effectiveness Ena,ineerin,q 

All functional failures of Plight Critical Items (I’Cl) and Ground 
Support Equipment/Special Attention Items vero investigated by 
■Effectiveness Engineering. Significant malfunctions of PCI’s 
documented are noted in Table l8-l. 
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TABLE ^ 

FLIGHT CRITICAL COMPOI'ffiNTS MALFUNCTIONS 



U\6b24l-ni 
S/JT X-45?912 


1B4o387-1 

S/n 273 


ipujnp, Kycirau- § 
I lie, Aur:'. ‘ | 

6 Motor Driven | 


i! 


During the integrated syste."^ 
test per Procedure lED583i^ 
Rev. 31^ the regulated, outlet 
pressure of the gas. pressure . 
regulator was 33*976 psig 
instead of required + 5 ' 
psig. ~ 



Vendor replaced the gas 
I pres sure regulator on 
I the stage, without re- 
Isioving hydraulic pu-iip. 


p ^ 

|Modu le , Relay', | ] 
;*10 AJnpere \ 


paring P.U. lianual Calibra- 
tion, forward Bus No. 2 iv’as 
IjMagnetic latch .4’iioir.cntarily "shorted" to 

'vehicle ground causing a cur-> 
I rent spike of s-’^ps for 
i200 Ksoc. 




To be determined. 


I 

Investigation of the circuit | 
associated with the current j 
st)i ke revealed that the cur- ? 

■“ P 

rent exceeded the acceptable t 
limits of the nickel riboon | 
conductor used within the | 
relay module . § 


|Co.mponent Standards 
I Group- requested the 
I module to be removed 
Jfrom the vehicle and 
I replaced. ^ 

Fart to be sent to A3- | 
MRCC for further I 

testing and investi - ? 

gation . ■ I 

e 

Module not acceptable I 

— - jt 

to engineering for use . j 
' j 
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FLIGHT CRITICAL COMPOREWTS yALFURCTIORS 



13'.i 2290- 507 
007C 
S/R 0037 


Module, Con- 
trol, LOg 
Pre s sur i 2 .at i orl 




Our Inc: the critical com- » 

ponents test of Stage | 

Acceptance Firing, when the 5 
Cold He Shutoff Valves wore I 
opened, the regulator dis- I 
charge pressure dropped to | 
approximately 115 psia wher(4 
it stayed, No’^i-iS-lly'ry ^ 
pressure would drop to § 

approximately I 50 psia and | 
immediately recover to 
300 psia. The SCD allows 
290 psio, downstream pres- 
sure under high flow 
conditions. t 

I 


The abnormal perform- | 
ance of the module was ^ 
attributed to- maximum « 
stroking of the regu- | 
lator pilot during the j 
initial high demand 
coupled vdth an im- | 
balanced flow conditior 
betvreen the regulat 
pilot and poppet 


1 


metering pin as caused ^ 
by temperature trc,n~ | 
sient conditionc withii* 
the module itself. 


The module is to bo re- 
moved from the stage 
and replaced. 

The -511 configura.tion 
is intended to alle- 
viate the phenomenon 
'when the module is 
opera,ted within the 
extremes of the 
present operating 
conditions . 


IB67598-5OI 
S/R 202 


Valve, Check, h 

'1 

t: 


I ?neuti:a.tic 


During Propulsion System 
postfire leak checks per 
1371877, the LKp ambient 


^ To be determined. 
i Ilotc ; Problems en- 
3 countered in earlier 
§ failures have been 


repressurization primary 

■ inlet check valve was found j associated vrith manu- 
to have a reverse lea.kage | 
of 2-3 scim 'with a reverse \ 
pressure of IU 50 psig lie. 

The leak check procedure 
allows 10 ocim. 


Part removed from uhe 
stage, replaced and 
i sent to A3-MRCC for 
review by engineering . 


facturing process and 

? have been corrected 
5 

f by venaor cnange 
8 effective S/K's 25^ & 
a subs. 
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TABli 

FLIGHq> CRITICAL C0MP0f;si'fT3 yAI-FUI^CTIONS 


I P/W and S/N f PART MMS 


I IB6903O-505 

5 8/:T 0024 


Hi I iritim ^ miimtr^-K^ 


TROUBLE DESCEIPTIOK 


CAUSE 


Valve. Control .t During the Acceptance Firing | The rejection reo.’iest 
LOX, RPV I the valve cracked at 43-6 | was generated fron'. 


the valve cracked at 43-6 | was generated fron'. 

psia. The valve should not C preliminary data only 
crack above 43*5 ptia per | and based on one 
IB 6903 O-J, Para, Ji.S -3 •2-2.5| source readout onlj’- 

I of 43*6 psia on the 


strip chart. 


ACTION TAKEN 


I The valve was found 
I acceptable for use . 

} Further data investi- 
5 gatio.n revealed that 
5 the analog data froia 
i three different sourcef 
I indicates a. satis- 
j factory cracking pres- 
\ sure as follcv.'s: 


I D0540 - 43.1 psia, 

i D0179 - 42.6 psia, and 

f DO 180 - 43,5 psia. 
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ABBREVIATIONS 


TABLE AP 1-1 '(Sheet 1 of 3) 
ABBREVIATIONS 


I 


Item 

Term 

Item 

[Term 

ac 

Alternating current 

EMI 

1 

Electromagnetic 

Act 

Actuator 


Interference 

APS 

. Auxiliary Propulsion 

EMR 

Engine Mixture Ratio 


System 

ESC 

Engine Start Command 

AS I 

Augmented Spark Igniter 

F , 

Fahrenheit 

attch 

Attach 

F 

Thrust ; 

i 

\ 

Throat area 

FCI 

Flight Critical Items 

Aux 

Auxiliary 

Fit 

Flight ' 

Btu 

British thermal unit 

ft 

Feet 

Bgr 

Bridge gain ratio 

FM 

Frequency modulation 


Tlirust Coefficient 

FTC 

Florida Test Center 

CDDT 

Countdown Demonstration 

Fwd 

Forward 


Test 

GG 

Gas generator 

Cfm 

Cubic feet per minute 

GH2 

• Gaseous hydrogen 

Contr 

Control 

GIS 

Ground Instrumentation 

cpg 

Cycles per gallon 


System 

cps 

Cycles per second 

GN2 

Gaseous nitrogen 

db 

Decibel 

gpm 

Gallons per minute 

dc 

Direct current 

GSE 

Ground support 

DBAS 

Digital Data Acquisi- 


equipment' 


tion System 

HB 

Huntington Beach 

deg 

Degree 

He 

Helium 

DER 

Digital Events Recorder 

Hg ■ 

Mercury 

Disch 

Discharge 

H^O 

Water 

DNA 

Data not available 

' hr 

Hour 

D/0- 

Dropout 

hp 

Horsepower 

DPF 

Differential Pressure 

Hyd 

Hydra.ulic • ' 


Feedback 

Hz 

Hertz 

EBW 

Exploding bridgewire 

in. 

Inch 

ECC 

Engine Cutoff Command 

ips 

Inches per second 

ECO 

Engine Cutoff 

IP&CL 

Instrumentation Program 

EDS 

Emergency Detection 


and Components List 

E/I 

Sys tern 

Ex te mal/ In ternal 

I 

sp 

Specific impulse 


Ap/^r 
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Item 

Term 

Item 

ru 

Instrument Unit 

pslg 

K 

Kilo - 1,000 or 10^ 

PST 

Kc 

Kilocycle 

KSC 

Kennedy Space Center 

Pt 

Ibf 

Pounds force 

P/U 

Ibm 

Pounds mass 

PU 

LH2 

Liquid hydrogen 

Pwr 

Loc 

Location 

R 


Liquid. oxygen 

RAGS 

LOX 

M&A 

Manufacturing and 
Assembly 

RAD 

MDAC-WD 

McDonnell Douglas 

Refl 


Astronautics Company - 

Reg 


Western Division 

RF 

MR 

Mixture ratio 

RMR 

ms 

Millisecond 

rpm 

MSFC 

Marshall Space Flight 
Center 

RSS 

NASA 

National Aeronautics 

SAI 


and Space Administration 

see 

N/A 

Not applicable 

sci 

NPSP 

Net positive suction 


pressure 

scim 

P 

Chamber pressure 


PCM 

■Pulse code modulation 

scfm 

PDT 

Pacific Daylight Time 

sec 

pf 

Picofarad 



sps 

Posit 

Position 

SSB 


pps 

Pulses per second 

STC 

Press 

Pressure 

sw 

psi 

Poxmds per square inch 

Syst 

psla 

Pounds per square inch , 

J 

rp 


absolute 

^0 

psld 

Pounds per square inch , 
differential 

TAN 


Term 

Pounds per square Inch, 
gauge 

Pacific Standard Time 

Point 

Pickup 

1 * 

Propellant Utilization 

Power 

Rankine 

Remote Analog Checkout, 
System 

Radial 

Reflected 

Regulator 

Radio Frequency ^ 

Reference Mixture Ratio 

Revolutions per minute 

Root sum square 

Special Attention Items 

Standard cubic 
centimeter 

Standard ^ubic inch 

Standard cubic inch per 
minute 

Standard cubic foot per 
minute 

Second 

Samples per second 
Single sideband , - 

Sacramento Test Center 
Switch , . 

Sys tern . 

Simulated liftoff 
Tangential 
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ABBREVIATIONS 


Item 

Term 

Temp 

Temperature 

T/M 

* Telemetry 

TP&E 

Test Planning and 
Evaluation 

vac 

Volts alternating 
current (100 vac) 

V 

Volts 

VCL • 

Vehicle Checkout 
Laboratory 

vdc 

Volts direct current 

Vib 

Vibration 

vswr 

Voltage standing wave 
ratio 

^T 

Total mass flowrate 


Item 
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